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PREFACE. 



Thi; following woric was announced several years ago 
in the preface t6 the volume on " The Sidereal Heavens,'* 
since which time numerous inquiries have been made after 
it by correspondents in England, the West Indies, and 
America. It was nearly ready for publication three years 
ago, but circumstances over which the author had no con- 
trol prevented its appearance at that period. This delay, 
however, has enabled him to introduce descriptions of 
certain instruments and inventions which were partly un- 
known at the time to which he refers. 

The title " Practical Astronomer" has been fixed upon 
as the shortest thsd: could be selected, although the vokme 
does not comprise a variety of topics and discussions ge- 
nerally comprehended in this department of astronomy. 
The work is intended for the information of general read- 
ers, especially for those who have acquired a relish for 
astronomical pursuits, and who wish to become acquainted 
with the instruments by which celestial observations are 
made, and to apply their mechanical skill to the construc- 
tion of some of those which they may wish to possess. 
With this view, the author has entered into a variety of 
minute details, in reference to the construction and prac- 
tical application of all kinds of telescopes, &c., which 
are not to be found in general treatises on Optics and 
Astronomy. 

As Light is the foundation of astronomical science, and 
of all the instruments used for celestial observation, a 
brief description is given of the general properties of 
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ll^t — of the laws by which it is refracted and reflected 
when passing through different mediums, and of the effects 
it produces in the system of nature — ^iii order to prepare 
the way for a clear wnlerstanding of tie principles on 
which optical instruments are constructed, and the effects 
they produce. 

As this, as well as eveiy other phywcal subject, forms 
a part of the arrangements of the Creator throughout the 
material system, the author has oeeasionrily taken an op* 
portunity of directmg the attention of the leader to tbt 
Wisdom and Beneficence of Ihe Great First Oause, and 
of introducing those moral reflections i^hich naturally flow 
from the subjject.' ^ 

The present is die ninth volume which the author has 
presented to the public, and he indulges &e hope that it 
win meet with the same fevourable reception which his 
former publications have uniformly experienced, it was 
originally intended to conclude the volume with a few 
remarks on the utility of astronomical studies, and their 
moral and religious tendency, but this has been prevented, 
for the present, in consequence of the work having swelled 
to a greater size than was anticipated. i%ouk] be agun 
appear before the public as an author, the subject of dis* 
cussion and illustration will have a more direct bearing 
than the present oxi the great objects of rel^on and a 
future world. 

Braugkij^ JParff^ near J}un(kef .tfiigut^, 1845. 
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THE 

PRACTICAL ASTRONOMER 



PART L 
ON LIGHT 

INTKODUCTIOjr. 

Light is that inrisiUe ethereal matter which renders 
objects perceptible by the visual organs. It appears to be 
distributed thTou|[hout the immensity of the universe, and is 
essentially requisite to the enjo3rment of every rank of percep- 
tive existence. It is by the agency of this mysterious substance 
that we beoHne acauainted with the beauties and sublimities 
of the universe, and the wonderful operations of the Almighty 
Creator. Without its universal influence, an impenetml^ 
veil would be thrown over the distant scenes of creation ; the 
sun, the moon, the planets, and the starry orbs would be 
shrouded in the deepest darkness, and the variegated suriace 
of the globe on which we dwell would be almost unnotioed 
and unlmown. Creation would disappear, a mysterious gloom 
would surround the mind of every intelligence, all around 
would a|>pear a dismal waste and an undistinguished chaos. 
To whatever quarter we might turn, no form nor comeliness 
would be seen, and scarcely a trace of the perfections and 
agency of an AH Wise and Almighty Being could be per- 
ceived, throughout the universal doom. In short, without the 
influence of light, no world could be inhabited, no animated 
being could subsist in the manner it now does, no knowledge 
could be acquired of the works of Grod, and happiness, even 
in the lowest degree, could scarcely be enjoyed by any or- 
ganized mtelligence. 

• We have never yet known what it is to live in a world 
deprived of thi& delightful visitant ; for in the darkest nigb»^ 
we enjoy a share of its beneficial agency, and, even in the 

2* *^ 
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deepest dunTOon its influence is not altogedter nnfek.* The 
blind, indeed, do not directly enjoy the advantages of light, 
but its influence is reflected upon them, and their knowledge 
is promoted through the mMbvMa of those who enjoy the use 
of their visual organs. Were all the inhabitants of the world 
deprived of their eyesight, neither knowledge nor happiness, 
soph a^ W9 now y^eitss, oonU pos^bljf bf t njoy^, 

Thene is nothing which so stnkhigly disphys the benefidlal 
and enlivening efiects of light as the dawn of a mild morning 
after a night oi darkness and t emp est. AU t^pears gloom 
and desolation in our terrestrial abode tiU a £unt light begins 
to whiten the eastern horizon. Every succeeding moment 
brings along with it somethiag new and enlivemng. The 
crescent of light towards the east now expands its dimen« 
sions, and rises upwards tCM^aards 1]ie ^pe of heaven ; and 
objects, which a little before were immersed in the deepest 
gloom, begin to be clearly distinguished. At length the sun 
arises, and all nature is animated by his. appearance ; the 
nagftifioenl «ceiK^ of cretlioQ, wUd^ a litib befov was iiv- 
iffolved in obicnrity, epttie gxuduaUy to view^ a[Qde^ry.ob|cot 
iu:^9iwd exeilea aentineala of wondei, d^ight, aoid adomlKiD. 
Th# mdiajM^wiuck enudMKtes frem thift luaitiiaTy £sp]ay« 
W&fe i9» ft wcvkl strewed with blessmgs, ami enobdhriied 
Willi the snoot beautiful a^e. It unve& ^ kif^ moantaiiiB 
wad the forests with which they are crovn^ ; th* fimkfbl 
fleUs, with .the <xcop9 thsit cover them ; ^e naadovrav with 
Ike rivers whkh water and refresh ihera ; ^. pkina adomed 
witfi Texdure ; the fiacii lake, and the expansive oeeon. it 
fi^KiAOvea the curtam of darkness from the aboiiee of xie*^ and* 
shows us the eitiee* towns, and villages, the hftf donws, the 
•glitterMig i^ttiea» and the palaces and t^npto with which the 
Jandsoape is adorned. The flowers expand theii buds and 
put foM their coknm, the birds awake to melody, gaan goes 
fi^rthtohisUbonr^tho sounds ef hunum vobss are heud,aod 
aU f^MATs life and activity^ as if a new weidd had titrnged 
irom d^e darkneas of Chaos. 

The whole of this sple^E^did aeeiie^ wfaieb H^^ produces, 
may be considered aa anew creation, no lesa gnuul andbene- 
fio^ than thie fln^ crcatioii, when the eommmad waa isssied, 



* Those unfortunate individuals wha have been confined in the darkest 
innetoBs have deotered, thai though, on their first entrance, no object 
couM be perceived, perhaps for a day or two, yet, io the course of tnn«, 
as tb^ pupils of their eyes expwded, they oould readily perotive mice, 
rata, and other animals that imeated their oells, and likewise the walls 
« ^ir apurtnentv; which shows that, even in such eituations^ light ii 
f(HiMt» WidtpiQAHceaamMiB dagrea-oe iaiueace. 



* Let there be lis^it, and Hght was." The auram and the 
lising sun cause Uie earth, and all the objects which adorn its 
sur&ce, to arise out of that profound darkness and apparent 
desolation which depiived 0s of the ymw of them, as if they 
had been no more, It may be affirmed, hi full accordance 
with truth, that the effipx of light in the dawn erf the mom^ 
ing, afler a dark and cloudy night, is even more magnificent 
aim eTrhihrating ^lan a£ the first moment of its creation. At 
that pexiod^there were no spectators on earth to admire its 

elorioas eiSects f and oo objects^ such as we now behold, to 
e embelHshed with its radiance. The earth was a shapeless 
chaos, where no beauty or oxdet could be perceived; the 
mountains bad not rearol their headd ; the seas were not coL- 
kcted into their channeb ; no rivers rolled through the vaL- 
feys ; no venkure adorned the {dains ; the atmosphere was 
lu^ raised on high to rejiect the radi^ce, and no animated 
beings existed to diversify and enliven the scene. But now, 
when the dawning of the nK»rning scatters the darkness of 
tile ni^t, it q)ens tq view a sc^oe of beauty and magnifir 
cence. The heavens are adonied with azure, the clou& are 
lisged with the most lively colours, the mountains and plains 
aie clothed with verdure, and the whole of this lower creation 
stands forth arrayed with diversified ^enes of beneficence 
and grandeur, while the contemplative eye looks rpund and 
wdnders. 

&ick, then, are the important aid. beneficent efiects of that 
Ughi which every moment difiTuses its blessings around us. 
It may justly be considered as one of the most essential sub- 
stances connected with the system of the material universe, 
and which gives efficiency to all the other principles and 
arrangements of nature. Hence we are informed, in the 
sacred history, that light was the first production of the Al- 
mighty Creator, and the first born of created beings ; for 
wimoat it the universe would have presented nothing but an 
immense bkmk to all sentient existences. Hence, likewise, 
the Divine Being is metaphorically represented under the 
idea of Hght, as being the source of knowledge and felicity to 
all suhordbata intelligences : '^ God is light, and in Him is 
no cbrkness at all;" tmd he is exhibited as '' dwelling in hght 
nnapproachable and full of glory, yfhom no man hath seen or 
can see." In allusion to these circumstances, Milton, in hk 
Paradise Lost, introduces the following beautiful apostrophe * 

, " Hiul, holy light ! offapring of heaven first horn. 
Or of the eternal co-eternal beam ! 
May I express thee mablanied I siace God it hght. 
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And oever but in uBapproached li^t 
Dwelt from eternity ; dwelt then in thee, 
Bright effluence of bright essence increate. 
....:... before the sun, 
Before the hearens thou wert, and at the Toioe 
Of God, as with a mantle, didst invest 
The rising world of waters diurk and deep. 
Won from the yoid and formless infinite." 

As light is an element of so much importance and utility 
in the system of natqre, so we find that armngemei^ haye 
been made for its univerenal difiusion throughout all the worlds 
in the universe. The sun is one of the principal sources of 
lisfht to this earth on which we dwell, and to all the other 
phnetary bodies ; and, in order that it may be eqtwUy dis- 
tributed over every p(»rtion of the surfaces of these globes, to 
suit the exigencies of their inhalntants, they are endowed 
with a motion of rotation, by, which every part of their sur^ 
faces is alternately turned towards the source of light ; and 
when one hemisphere is deprived of the direct influence of 
the solar rays, its inhabitants derive a portion of light from 
luminaries in more distant regions, and have their views 
directed to other suns and systems, dispersed, in countless 
numbers, throughout the remote spaces of the universe. 
Around several of the planets, sateUites or moons have been' 
arranged for the purpose of throwing light on their surfaces 
in the absence of the sun, while, at the same time, the pri- 
mary planets themselves reflect an eflulgence of light upon 
their sateUites. All the stars which our unassisted vision can 
discern in the midnight sky^ and the millions more which the 
telescope alone enables us to descry, must be considered as 
so many fountains of light, not merely to illuminate the voids 
of immensity, but to irradiate with their beams surrounding 
worlds with which they are more immediately connected, and 
to diffuse a general lustre throughout the amplitudes of infi- 
nite space ; and, therefore, we have every reason to believe 
that, could we fly, for thousands of years, with the swiftness 
of a seraph, through the spaces of immensity, we should 
ever approach a region of abedute darkness, but should find 
ourselves evenr moment encompassed with the emanations 
of light, and cheered with its benign influences. That Al- 
mighty Being who inhabiteth mimensity and "dwells \a 
light inaccessible," evidently appears to have diffused light 
over the remotest spaces of his creation, and to liave thrown 
a radiance upon all the provinces of his wide and eternal 
empire, so that every intellectual being, wherever existing, 
may feel its beneficent effects, and be enabled, through its 
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ageiicyv to trace his wonderfoi opeiations^ and die ghnrioiui 
attrAutes with which he is invested. 

As the science of astronomy depends solely on the in^ 
floence of light upon the organ of vision, which is the most 
noHe and extensive of aH our senses ; and as the construe* 
tion of telescopes and other astroncm&ical instrumei^ is 
founded upon our knowled^ of the nature of lie^ht and the 
laws hy which it operates, it is essentially reqmske, hefoie 
proceecting to a description ci such instruments, to take a 
euisorv view of its nature and pioperdes, in so &r as they 
Imve been ascertained, and the efieeta it produces wh^i 6b^ 
structed hy certain hodies, or wh^i passing through ds&i* 
enl mediums. 



CHAPTER h 

GENERAL PROPERTIES OF LIGHT. 

^ is not my intenticm to discuss the subject of light in 
B^nute detail, a subject which is of considerable extent, and 
which woaU require a separate treatise to ilhtstrale it in 
aS its aspect and bearings. All that I propose is to offet 
a few illustrations of its general properties, and the laws by 
which it is r^racted add reflected, so as to prepare the way 
for exphdning the nature and construction of telescopes and 
other optical instrum^fits. 

There is no branch of natural science more deserving 
of our study a^d investigatiem than that which relates to 
light, whether we consider its bekutiful and extensive etilects^ 
the magnificence and gmndeur of th^ objects it unfolds to 
view, the nuinerous and diversified phenicHnena it exhibits, 
the (^tical instruments which a knowledge of its properties 
1m» enabled us to construct, or the daily advantages we de- 
rive, as social bemgs, fnmi its universal di&sion. If air, 
whieh serves as the medium of sound and the vehicle of 
Qieedi, eoaUee us to carry on an interchange of thought 
ttid a&ctioR with our £^ow-inon, how much more' exten- 
sively is that intercourse increased by Hght, which presents 
the images of our fHends and other objects as it were im- 
mediately before, us, in all their interesting forms and aspects 
«-4he speakiag eye, the rosy cheeks, the benevolent snrile, 
and the inteQectoel forehead. The eye, more swceptible 
of jBulti&noai impvessioiiii than the other senses, stakes in 
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at once the landscape of the world," and enaUes us to dis- 
tinguish, in a moment, the shapes and forms of all its ob- 
jects, their relative positions, the colours that adorn them, 
their diversified aspect, and the moticms by which they are 
transported from one portion of space to another. Light, 
through the medium of the eye, not only unfolds to us the 
persons of others, in all their minute modification and pecu« 
Itarities, but exhibits us^ ourselves. It presents to our own 
vision a faithAil portrait of our peculiar features behind re- 
flecting substances, without which property we should remain 
entirely ignorant of those traits of countenance which cha* 
ractehze us in the eyes of others. 

Bui what is the nature of the substance we call Hght^ 
which thus unfolds to us the scenes of creation ? On this 
subject two leading opinions have prevailed in the philo- 
sophical world. One of those opinions is, that the whole 
sphere x>f the universe is 6lled with a subtle matter, which 
receives from luminous bodies an agitation which is inces- 
santly continued, and which, by its vibratory motion, enables, 
us to perceive luminous bodies. According to this opinion, 
light may be considered as analogous to sound, which is con- 
veyed to the ear by the vibratory motions of the air. Thw 
was the hypothesis of Descartes, which^ was adopted, with 
gome modifications, by the celebrated Euler, Huygens, Frank- 
lin, and other philosophers, and has been admitted by several 
scientific gentlemen of the present day. The other' opinion • 
is, that light consists of the emission or emanation of the par- 
ticles of luminous bodies, thrown out incessantly on all sides, 
in consequence oi the continued agitation it' experiences. 
This is the hypothesis of the illustrious Newtpi, and has been 
most generally adopted by British philosophers. 

To the first hypothesis it is objected that, if true, " light 
would not only spread itself in a direct line, but its motion 
would be transmitted in every direction like that of sound, and 
would convey the impression of luminous^ bodies in the jegions 
of space beyond the obstacles that intervene to 8t<^ its pro- 
gress." No wall or other opaque body could obstruct its 
course, if it undulated in every directicm like sound ; and it 
would be a necessary consequence, that we should have no 
night, nor any such phenomena aa eclipses of the sun or 
moon, or of the satellites of Jupiter and Saturn. This objec- 
tion has never been very satisfactorily answered. On the 
other hand, Euler brings forward the following objections 
against the Newtonian doctrine of emanation. 1. That, were 
the sun emitting continuaUy, aixd in all directions, si«:h floods 
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of himiiiocifl matter, with a relodty so prodigkms, he mast 
speedily be exhausted, or at least some alteration must, after 
the lapse of so majay ages, be perceptible. 2. That the sun; 
is not the only body that emits rays, but that all the stars have 
tiie same quality ; and as everywhere the rays of the sun 
Bmst be crossing the rap of the stara, their couision must be 
Tiolent in the extreme, and that their direction must be 
ehanged by such a coBision«* 

To the first of these objections it is answered, that so vast 
is the tenuity of light, that it utterly exceeds the power of coa* 
ception ; the most dehcate instrument haying never been cer- 
tamly put in motion by the impulse ci the accumulated sun- 
beams. It has been calculated that in the space of 385,130,000 
Egyptian years (of 360 days,) the sun would lose only the 
T.3i4>7?lJ^ of his bulk from the continual efiiux of his up^ht. 
And, therefore, if in 385 miUioni of 3rears the sun's dimmu- 
tipn would be so extremely small, it would be ahogether in- 
sensible during the comparatively short period of five or six 
thousand years. To the second objecticm it is replied, that 
the particles of light are so extien^ly rare that their distance 
from one to another is incomparably greater than their dia- 
meters ; that all objections of this kind vanish when we attend 
to the continuation of the impression upon the retina, and to 
the small number of luminous particles which are on that 
account necessary for producing constant vision. For it ap- 
pears, from the accurate experiments of M. D'Arcy, that the 
impression of light upon the retina continues eight thirds^ 
and as a particle of light would move through 26^000 miles 
m that time, constant vision would be maintained by a suc- 
cession of luminous particles twenty-six thousand miles dis- 
tant from each other. 

Without attempting to decide on the merits of these two 
hjrpotheses, I shall leave the reader to adopt that opinion 
which he may judge to be attended with the fewest diffic^- 
ties, and proceed to illustrate some of the propertia of light $ 
and in the discussion of this subject I shall gei^rally adnere 
to the terms employed by those wjio have adopted th6 hypo- 
thesis of the emamUwn of light. 

1. Light emanates or radiates from luminous bodies m a 
straight line. This property is proved by the impossibihty 
<^ seeing li?ht through bent tubes, or small holes pierced 
in metallic plates placed one behind another, except the holes 
be placed in a straight line. If we endeavour to look at the 

• Letters to a German Princess, vol. l, p. 68, 69, &c. 
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Mil fdr « eiiidli thraugk ^ boK of a bnuiod inpa; 1^ 
peroeit^ th# dbjiBOt, ftor ainj ligbt pm ie wlip g ft<kn it» tal 
iftMUg^ « «traifrht pip6 tite oUact naqr be feroemd* Thife 
ii lik6Wi«e ctviMil Cfoift th« Imr olf Ui« myi of fi^tiiMl 
ttidttBMte n idhutlc tocM, wlooli proceed rtnught^^brmi iik 
meB ^piteiiedmg ftom the kuninoKK body ; and Aon ^ fisiHi 
of tho #iluJMi^ wbick bodiM prqoet that oie boQBded 
lines passing from the luminous bodjt and meeting the mm 
^hich tenniniito the utevpDWDg body-. This pmpeifty mty 
be demdnitmted to tice eye l^ ciukui|: light to pms thivi^ 
small holea imo a daik tmm mM with mnoke or diuu It is 
to be «te4ei«tO0A, hotrer«t ^Ht in ihii tarn the imya of igiit 
aro eonai^teted «i pasttti^ through the mMom sneAua; M 
when they paaa fma air into wate^, g4aBs> or other mediae 
they aiB bent «t the point where they edt^ a difl^rent 
medium, as we shall afterward hatre occasion to e^dajn. 

U. L^hi moves with mumzing vduky^ The ancieate 
belieTed that it waa propagotod fnm the sun and lathef 
luminous bodies inManiUmwudg ; but (he oboanrataoBs <f 
modem astroncAnets have demODstrated that this k an end* 
neous hypothesis, and that liffht, lite other prqjeotilea, oceu^ 
pies a obtain trnito in passing uom one part df fi^Mux to anoUier* 
Its velocity, howeirer, is prodigious, and caxeeda that of any 
mher body with whidi vm mre acquaintad. It flies acsaae tlii 
earth's orbit, a space 190 millions c^ miles in extent, in the 
course of sixteen atid a half ndnutes, whach is at the n^ <cf 
IM^OOO miles every second, and more thtti « million of times 
swifter than a oanncfn ball fiying with its greatest velodty. 
{t appears ftKim the discoteries of Dr. Brodknrt xer^ectbi^ the 
aberration of the ^tars, thift hgltf flies from those bodies idth 
a velocity similar, if not exacuy the same; so that tin light 
<of the sun, the pkneta, the sthrs, and every hnnin<Hia bodjr in 
^e utuyerse ^ propagated with umfoftn vebcdty.* But, if 
the velocity d l^t to ao very great, it iMiy be msked, 1^ 
does it not strike agminat aU objects witha foroe equal to ils 
irdocity t £f the finest sand were thrown agamst oto: bodiea 
with the htmdreddi jpart ai this vetocity, ^di gnun would 
pierce us as certainly as the sharpest asd swiuest arrows 
from a bow. it is a principle in taechEmioa that the ftrce 
with which all bodies strike is in pr^portitin to the aiito lof 
these bodies, or in the (jaandty of matter they contain, muki- 

' ^ ^he manner in wMch the motion of IS^i was diecorered ia exphdned 
in the an^er'a work, entitM ** Ceteatial Scenery/' )>. 86f^371 ; and llio 
cifcomatances which led to the diacoyery of the aberration of ligU are 
atated and illuatrated in bia volume on tne " Sidereal Heavens/'^ p. 71) 
74, and p. S^^-^tSd. 
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f^ad by the velodty wrth wtich they mov^. Therefore, ff 
the particles of light were not almost iti^nitely srctblt^ fb^ 
iTENiMt of necessity^ prof edestntptive in the highe^ (ie^e, 
U^ pscrticje of hght were ^ual iti pize tb the tWehrd htttttb^ 
UMMMe^idih fart ^ a small grain oi^ sahj — sutrpK^ti^ %btt6 
y mmem^W^ P^oxmii be no more ibl^ to wim^f its f^ 
t&ai we i^odid that of ;s«ind shot point bbfi^ from ibe motttlr 
of a oaimei^ EVety object would be b^JtteteJ ftnd p^rfoticte^ 
by 0uoh celestial artillery, till out world wei^ fefd in rtlit^V 
and every hying being destroyed, Atid herein aiW fllri Wi«^ 
dom and benevdience of the Creator displayed in inakfh^ thtf 
plufti^es of hght so extremely small as to refider th^m 1^ 
settle degree propottionate to the greatness of the forc^ t^th 
which they are impelled ; otherwise, all nature v^outd &tfV# 
been thrown into rui^ and confusioh, and the gfeat globes' m 
tibe univeisse shattered to atoms. 

We lAve many proofs, besides the above, that thd particli^ 
of light are wext to infinitely small. We find that th^y jen«- 
txale with feciUty th^ hardest substances, such as crystal; 
giaast Varioiis kinds of precious stones, and eyth the dkmond 
Uselfrtho^gh among the hardest of stones; for such bodieii 
eonld not be transparent, unless light found an easy passage 
dmmgh their pores. When a candle is hghtedf in an ele>> 
mted fldtuatioa, in the space of a second or tWo it will fill i 
tolucal ti^)aGe (if there be no interruption) dt two miles arouiid 
k, in every direction, with luminous particles, before the least 
seiaible part of its suhBtapce is lost by. the candle : thkt is; it 
inll in a sliCHrt instafiit fill a sphere four miles in diaiAetet, 
tpfrelve and a half miles in circumference^ jdld contdiiiiti^ 
dblrty-thiee and a half cubkal miles, wit^ particles Of li^ht ; 
far an eye pkced in any part of this cubical spac6 would 
nerc^ve the Ught emitted by the candle. It hiaus men calcu- 
lated that the number of particles of light cohtisiin^d in sxtch A 
c^yace caniiot be less than j^^r Hundred ateptitkbna — a num- 
bcJr whitfh is Hx biUiom of times greater than the number 6t 
grains of aand which could be contained in ^e whd6 eart^ 
conrider^ as ,a sohd globe, and supposing each Cubic inch of 
it to contain ten hundred thousand grains. Such \k the iH- 
conceiyable tenuity of .iiat substance which emanatesr froiii 
all Inniinous bodies, and which gives beauty and ipl^n^xxt 
to this universe .! This may also be evinced by the foUowiii^ 
Experiment. Make a small pin-hole in a piec6' of Hack 
paper, and hdd the paper upright iafcms k row Of caiidli^^ 
vkussd liear each other, and at a Httle cGstanc^ b^h^ tH|^ 
Dlaci: paper place a piece of white pastebodWf. Oh: mft 

Vol. IX. 3 
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pastdboard the rays which flow from all the candles throus^h 
the small hole in the black paper, will form as many specks 
of light as there are candles, each speck being as clear and 
distinct as if there were only one speck from a single candle. 
This experiment shows that the streams of light from the dif* 
ferent candles pass through the small hole without confusion, 
andy consequently, that the particles of light are exceedingly 
small. For the^ same reason we can easily see through a 
small hole not more than ^Su^^ ^ ^^ ^^^^ ^^ diameter, the 
sky« the trees, houses, and nearly aU the objects in an exten- 
sire landscape, occupying nearly an entire hemisphere, the 
light of all which may pass through this small aperture. 

8. Light is gent forth in aU directions from every vistbie 
point of luminous bodies. If we hold a sheet of paper be- 
fore a candle, or the sun, or any other source of light, we 
shall find that the paper is iUuminated in whatever positicni 
we hold it, provided the light is not obstructed by its edge or 
by any other body. Hence, wherever a spectator is placed 
with regard to a luminous body, every point of that part of its 
surface which is toward him will be visible, when no inter- 
vening^ object intercepts the passage of the light. Hence, 
likewise, it follows that the sun illuminates not only an im 
mense plane extending along the paths of the planets, from 
the one side of the orbit of Uranus to the other, but the whole 
of that sphere, or solid space, of which the distance of Uranus 
is the radius. The diameter of this sphere is three thousand 
six hundred millions of miles, and it consequently contains 
about 24,000,000,000,000,000,000,000,000,000, or twenty- 
four thousand quartillions of cubical miles, every point (A 
which immense space is filled with the solar beams. Not only 
80, but the whole cubical space which intervenes between the 
sun and the nearest fixed stars is more or less illuminated by 
his rays. For, at the distance of Sirius, or any other of the 
nearest stars, the sun. would be visible, though only as a small, 
twinkling orb ; and, consequently, his rays must be difiTused, 
however faint, throughout the most distant spaces whence he 
is visible. The diameter of this immense sphere of light can- 
not be less than forty billions of miles, and its soUd contents 
83, 600, 000, 000, 000, 000,000,000,000,000,000,000,000,000, 
or thirty-three thousand five hundred sextUlions of cubical 
miles. All this immense and incomprehensible space is filled 
with the radiations of the solar orb ; for were an eye placed 
in any one point of it, where no extraneous body interposed, 
the sun would be visible either as a larg6 luminous orb, or as 
H small twinkling star. But he can be visible only by the 
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ikya he emits, and wliich enter the organs of vision. How 
inconceivably immense, then, must be the quantity of rays 
which are thrown off in all directions from that luminary 
which is the source of our day ! Every star must likewise 
be considered as emitting innumerable streams of radiance 
over a space equally extensive; so that no point in the 
universe can be conceived where absolute darkness prevails, 
unless in the interior regicHis of pkmetary bodies. 

4. T%e efftct of light ippon the eye i» not instantaneous^ 
but continues for a short space of time. This may be 
proved and illustrated by the following examples : if a stick, 
or a ball connected with a string, be whirled round in a cir- 
cle, and a ceflain degree of velocity given it, the object will 
appear to fill the whole circle it describes. If a lighted fire- 
brand be whirled round in the same rapid manner, a complete 
circle of light will be exhibited. This experiment obviously 
shows that the impression made on the eye by the h'ght from 
the ball or the firebrand, when in any given point of the cir- 
cle, is sufficiently lasting to remain till it has described the 
whole circle, and again renews its effect as often as the cir- 
cular motion is continued. The same is proved by the fol- 
lowing considerations : we are continually shutting our eyes, 
or winking; and, during the time our eyes are shut on such 
occasions, we should lose the view of surrounding objects if 
the impression of light did not continue a certain time while 
the eyelid covers the pupil ; but experience proves that during 
such vibrations of the eyelids, the light from surrounding ob- 
jects is not sensibly intercepted. If we look for some time 
steadily at the light of a candle, and particularly if we look 
directly at the sun, without any interposing medium, or if 
we look for any considerable time at this luminary through a 
telescope with a coloured glass interposed — ^in all these cases, 
if we shut our eyes immediately after viewing such objects, 
we shall still perceive a faint image of the object by the im 
pression which its light has made upon our eyes. 

" With respect to the duration of the impression of light, 
it has been observed that the teeth of a cog-wheel in a clock 
were still visible in succession, when the velocity of rotation 
brought 246 teeth through a given fixed point in a second*. 
In this case it is clear that if the impression made on the eye 
by the light reflected from any tooth had lasted without sen- 
sible diminution for the 246th part of a second, the teeth 
would have formed <me unbroken line, because a new tooth 
would have continually arrived in the place of the interior one 
before its image could have disappeared. If a live coal be 
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whirled round, it is observed that the luminous circle is com- 
plete when the rotation is performed in the | Jlh of a second. 
In this instance we see that the impression was much more 
durably u^an the former. Lastly, rf an observer sitting in a 
room, direct his sight, through a window, to apy particiiiar 
object out of door^i for about half a minute, and then shut 
his eyes and covQr them with his hands, he will still continue 
to see the window, together with the outline of the terrestrial 
objects bordering- on the sky. This appearance will remain 
for near a minute, though occasion^y vanishing and changing 
colour in a manner that brevity foroids our minutely describ- 
ing. From these facts we are authorized to conclude that tJi 
impressions of light on the eye last a considera\|)e time ; that 
the brightest objects make the most lasting impressions ; and 
ihat^ if the object be very bright, or the eye weak,. the im- 
pression may remain for a time so strong as to mix with and 
confuse the subsequent impressions made by other objects. 
In the kst ca^e the eye is said to be dazzled Dy the hght*'* 
The following experiment has likewise been suggested na 
a proof of the impression which light makes upon the eye : 
If a card, on both sides of which a figure is drawn, for ex- 
ample, a bird and a ca^, be made to revolve rapidly on the 
straight line which divides it symmetrically, the eye will per- 
ceive both figures at the same time, provided they return 
successively to the same place. M . D'Arcy found by vari- 
ous experiments that, in general, the hnpression which light 
produces on tlie eye lasts about the eighth of a second. M. 
Plateau, of Brussels, found that the impression of different 
colours lasted the following periods, the numbers here stated 
being tlie decimal parts of a second: flame, 0*24% or neariy 
one-fourth of a second ; burning coal, 0-22^; white, O'lQ^, 
or a little more than one-sixth of a- second ; blue, 0*186 ; 
yellow, 0-173 ; red, 0-184. 

' 5. Light, though extremely minute, is suppoied to have a 
certain degree of force or momentum. In order to prove this, 
tl^e lat^ ingenious Mr. Mitchell contrived the following expe- 
riment : fie constructed a small vane in the form of a com- 
mon weathercock, of a very thin plate of copper, about an 
il^ch square, and attac^d to one of the finest harpsicord wires 
about ten inches long, and nidely balanced at the other end 
of the wire by a gram of very small shot. The instrunient 
bad also fixed to it in the middle, at right angles to the length 
of the wire, and in a horizontal direction, a small bit of a 
very slender sewing needle, about half an inch long, which 
* |{i<(oliiQ»'s latro^Hctioa t<» Nftiural Pbil98Qphy..vol i. 
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was made magnetical. In this state the whole instrument 
might weigh about ten grains. The vane was supported in 
the manner of the needle in the mariner's compass, so that 
it could turn with the greatest ease ; and, to prevent its being 
afiected by the vibrations of the air, it was enclosed in a glass 
case or box. The rays of the sun were then thrown upon 
the broad part of the vane, or copper plate, from a concave 
mirror of about two feet diameter, which, passing through 
the front glass of the box, were collected into the focus of the 
mirror upon the copper plate. In consequence of this, the 
pkte began to move with a slow motion of about an inch in 
a second of time, till it had moved through a space of about 
two inches md a half, when it struck against the back of the 
box. The mirror being removed, the instrument returned 
to its former situation, and the rays of the sun being again 
thrown upon it, it again began to move, and struck against 
the back of the box as before. This was repeated three or 
four times with the same success. 

On the above experiment the following calculation has 
been founded : if we impute the motion produced in this ex- 
periment to die impulse of the rays of light, and suppose that 
the instrument weighed ten grains, ana acquired a velocity 
of one inch in a second, we shall find that the quantity of 
matter contained in the rays falling upon the instrument in 
that time amounted to no more than one twelve hubdredth- 
millionth part of a grsun, the velocity of light (exceeding the 
velocity of one inch in a second in the proportion of about 
12,000,000,000 to 1. The light in this experiment was col- 
lected from a surface of about three square feet, which reflect- 
ing only about half what falls upon it, the quantity of matter 
contained in the mys of the sun incident upon a foot and a 
half of surface in one second of time, ought to be no more than 
the twelve hundred-millionth part of a grain. But the den- 
sity of the rays of light at the surface of the sun is greater 
than that at the earth in the proportion of 45,000 to 1 ; there 
ought, therefore, to issue from one square foot o'f the sun's 
suriace, in one second of time, in order to supply the waste 
by light, ^s.ijs^th part of a grain of matter, that is, a little 
more than two grains a day, or about 4,752,000 grains, or 
670 pounds avoirdupois, nearly, in 6000 years ; a quantity 
which would have shortened the sun's diameter no more 
than about ten feet, if it were formed of the density of water 
only. 

if the above experiment be considered as having been ac^ 
curately performed, and. if the calculation founded upon it b© 

3* 
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conectt it appeiurs that thefe can be no grounds for appre* 
^il3ioii tbs^t the sun can ever be sensibly diminished by the 
ipunense and incessant radiations proceeding from, his body 
on the 9upposition that li^ht is a material emanation. For 
the dia^ieter of the sun i? no less than 880,000 miles ; and* 
(»eforP thi^ diameter Qoiiid be shortened by the emission 
of light, one English mile, it would require three millions one 
hundred and sixty-eight thousand years, at the rate now 
stated ; and, before it cpuld be shortened ten miles, it would 
reauire a period of above thirty-one millions of years. And 
^tnough tne sun were thus actually diminished, ft would pro- 
duce no sexisible efiect or derangement throughbut the plane-' 
tafy systeua. We have no reason to believe tha^the system, 
in Us present state and arrangements, was intended to en- 
dure for ever; and before that luminary could be so far re- 
duced, during the revolutions of eternity, as to produce any 
irregularities in the system, new arrangements and modifica- 
tions might be introduced by the hand of the All Wise and 
Qn^ipotei^t Creator* Besides, it is not improbable that a sys- 
tem qT mean^ is established by which the sun and all the lu- 
Qunaries in the universe receive back again a portion of the 
Kght which they are continually emitting, either from the 
planets from whose surfaces it is reflected, or from the miflions 
of stars YviiQse, rays are continually traversing the immense 
spaces of creation, or from some other sources to us un* 
known. 

0. 7%e intensity ^ light is diminished in proportion to 
the square of the aistance/ram the luminous bodi/. Thus, 
a person at two feet distance from a candle, has only th^ fourth 
part of the lijgfht he would have at one foot ; at three feet dis- 
tance, the mnth part ; at four feet, the sixteenth part ; at five 
ijeet, the twenty-fifth part; and so on for other distances. 
Hence the light received by the planets of the solar system 
decreases in proportion to the squares of the distances of these 
bodies from the sun. This may be illustrated by the follow- 



Suppo^e th<? light which flows from a point. A, and posses 
through a square hole, B, is received upon a plane, C, paral- 
lel to the plane of the hole— or, let the figure C be considered 
as the shadow of the plane B. When the distance of C is 
double of B, the length and breadth of the shadow, C, will be 
each double of the length and breadth of the plane B, and 
treble when A D is treble of A B, and so on, which may be 
QftfiWj examined by the light of a candle placed at A. Tbere- 
t(fTf) thfi ani:face of the shadpw Q, at the distance A C— doubie 
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of A B, is (Evigible into four squares, and, at a treble distance^ 
iqto nine sauares, severally equal to the square B, as repre- 
sented in the %Tire. The Kght, then, which falls upon the 
plaue B being suffered to pass to double that distance, will 
be uniformly spread over four times the space, and, conse- 
quently, will be four times thinner in every part erf" that space. 
Andy at a treble distance, it will be nine times thinner, and, 
at a quadruple distance, sixteen times thinner than it was at 
first. Consequently, the quantities of this rarified liffht re- 
ceived upon a surface of any given size and shape, when re- 
moved successively to these several distances, will be but one 
fourth, one-ninth, one-sixteenth of the whole quantity received 
by it at the first distance, A B. 

In conformity with this law, the relative quantities of light 
on the surfaces of the planets may be easily determined when 
their distances from the sun are known. Thus, the distance 
of Uranus from the sun is 1,800,000,000 miles, which is 
about nineteen times greater than the distance of the earth 
from the same luminary. The square of 19 is 361 ; conse- 
quently, the earth enjoys 361 times the intensity of light, 
when compared with that of Uranus ; in other words, this 
distant |)lanet enjoys only the ^Jy part of the quantity of 
light which falls upon the earth. This quantity, however, is 
equivalent to the fight we should enjoy from the combined 
effulgence of 348 full moons ; and if the pupils of the eyes 
of the inhabitants of this planet be much larger than ours, and 
the retina of the eye be endued With a much greater degree 
of nervous sensibility, they may perceive objects with as great 
a degree of splendour as we perceive on the objects which 
surround us in this world. Following out the same princi- 
ple, we fiind that the quantity of lig^t enjoyed by the planer 
Mercury is nearly seven times greater than tliat of the Earth, 
and tku of Venus nearly doifble of what we enjoy ; that Mar* 
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has less than the one half ; Jupiter the one twenty-seventh 
part; and Saturn only the one ninetieth part of the light 
which falls upon the £arth« That the light of these distant 
planets, however, is not so weak as we might at first imagine, 
appears from the brilliancy they exhibit, when viewed in our 
nocturnal sky, either with the telescope or with the unassisted 
eye ; and likewise from the circumstance that a very small 
portion of the Sun— such as the one fortieth or one fiftieth 
part — diffuses a quantity of light sufficient for most of the 
purposes of life, as is found in the case of total eclipses of the 
Sun, when his western limh begins to be visible, only like a 
fine luminous thread, for his light is then sufficient to render 
distinctly visible all the parts of the surrounding landscape. 

7. It is by light reflected from opaque bodies that most of 
the objects around us are rendered visible. When a lighted 
candle is brought into a dark room, not only the candle, but 
all other bodies in the roc»n become visible. Rays of the sun, 
parsing into a dark room, render luminous a sheet of paper 
(Ml which they fall, and this sheet, in its turn, enlightens, to 
a certain extent, the whole apartment, and renders objects in 
it visible so long as it receives the rays of the sun. In like 
manner, the moon and the planets are opaque bodies, but the 
light of the sun &Uing upon them, and being reflected from 
their surfaces, renders them visible. Were no light to fall 
on them from the sun, or were they not endued wim a power 
of reflecting it, they would be altogether invisible to our sightl 
When the moon comes between us and the sun, as in a total 
eclipse of that luminary, as no soiar light is reflected from the 
surface next the earth, she is invisible, only the curve or out- 
line erf" her figure being distinguished by her shadow. In 
this case, however, there is a certain portion of reflected light 
on the lunar hemisphere next the earth, though not distin- 
guishable during a solar eclipse. The earth is enlightened 
by the sun, and a portion of the rays which fall upon it is re- 
flected upon the dark hemisphere of the moon which is then 
towards the earth. This reflected light from the earth is dis- 
tinctly perceptible, when the moon appears as a slender 
crescent, two or three days after new moon — ^when the earth 
reflects its light back on the moon, in the same manner as the 
full moon reflects her light on the earth. Hence, even at 
tnis period of the moon, her whole face becomes visible to us, 
but Its light is not uniform or of eoual intensity. The thin 
crescent on which the full blaze of tne solar light falls, is very 
brilliant and distinctly seen, while the other part, on whicn 
faLs only a comparatively feeble light from the earth, appears 
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rery fiuot, and is littte more than yisible to the naked eye; 
but with a telescope of moderate power — ^if the atmosphere 
be very dear — ^it c^pears beautifully distinct, so that the 
relative positions of many of the lunar spots may be distin- 
guished. 

The intensity of reflected light is very small, when com- 
pared with that which proceeds directly from luminous bodies. 
M. Bouguer, a French philosopher, who made a variety of 
experiments to ascertain the proportion of light emitted by the 
heavenly bodies, concluded, from these experiments, that the 
light transmitted from the sun to the earth is at least 300,000 
times as great as that which descends to us from the full 
moon, and that, of 300,000 rays which the moon receives, 
frittn 170,000 to 200,00Q are absorbed. Hence we find that, 
however brilliant the moon may appear at night, in the day- 
time she appears as obscure as a toall portion of dusky cloud 
Co which she happens to be adjacent, and reflects no more 
fight than a portion of whitish cloud of the same size. And 
as the full moon fills only the ninety thousandth part of the 
§ky, it would recjuire at least ninety thousand moons to pro- 
duce as much hght as we en joy > in the day-time imder a 
qloudy sky. 

As the moan and the planets are rendered visible to us 
only by light reflected from their surfaces, so it is in the same 
way th^t the images of most of the objects around us are 
conveyed to our organs of vision. We behold all the objects • 
which compose an extensive landscape — the hills and vales, 
the woods and lawns, the lakes ana rivers, and the habita- 
tions of man — in consequence of the capacity with which 
they are endued of sending forth reflected rays to the eye, 
firom every point of their surfeces and in all directions. In 
connection with the reflection of light, the following curious 
observation may be stated : Baron Funk, visiting some silver 
mines in Sweden, observed, that, " in a clear day, it was as 
dark as pitch under ground in the eye of a pit, at sixty or 
seventy fathoms deep ; whereas, in a cloudy or rainy day, he 
could see to read even at one hundred and six fathoms deep. 
Inquiring of the miners, he was informed that this is always 
the case ; and reflecting upon it, he imagined it arose from 
this circumstance, that, when the atmosphere is full of clouds, 
hght is reflected from them into the pit in all directions, and 
mai thereby a considerable proportion of the rays are reflected 
perpendicularly upon the earth : whereas, wnen the atmo- 
sphere is clear, there are no opaque bodies to reflect the light 
in thk manner, at least in a sufficient quantity ; and rays 
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from the sun himself can never fall perpendicularly in tliat 
country." The reason here assigned is, in all probability, 
the true cause of the phenomendn now described. 

8. It is supposed by some philosophers that light is sub- 
ject to the same laws of attraction thcU govern all other 
material substances^ and that it is imbibed and forms a con 
stituent part of certain bodies. This has been inferred from 
the phenomena of the Bolognian stone, and what are gene- 
rally called the solar phosphori. The Bolognian stone was 
first discovered about the year 1630, by Leascariolo, a shoe- 
maker of Bologna. Having collected together some stones 
of a shining appearance at the bottom of Monte Paterno, and 
being in quest of some alchemical secret, he put them into a 
crucible to calcine them ; that is, to reduce them to the state 
of cinders. Having taken them out of the crucible, and ex- 
posed them to the light of the sun, he afterward happened to 
carry them into a dark place, when, to his surprise, he ob- 
served that they possessed a self-illuminating power, and 
continued to emit feint rays of light for some hours afterward. 
In consequence of this discovery, the Bolognian spar came 
into considerable demand among natural philosophers, and 
the curious in general; and the best way of preparing it 
seems to have been hit upon by the family of Zagoni, who 
supphed all Europe with Bolognian phosphorus till the dis- 
, CO very of more powerful phosphoric substances put an end to 
their monopoly. In the year 1677, Baldwin, a native of 
Misnia, observed that chaflc, dissolved in aquafortis, exactly 
resembled the Bolognian stone in its property of imbibing" 
light, and emitting it after it was brought into the dark ; and 
hence it has obtained the name of Baldwin's phosphorus. 

In 1730 M. du Fay directed his attention to this subject, 
and observed that all earthy substances susceptible of calci- 
nation, either by mere fire, or when assisted by the previous 
action of nitrous acid, possessed the property of becoming 
more or less luminous, when calcined and exposed for a short 
time in the light ; that the most perfect of these phosphori 
were limestones, and other kinds of carbonated lime, gypsum, 
and particularly the topaz, and that some diamonds were also 
observed to be luminous by simple exposure to the sun's 
rays. Some time afterward Beccaria discovered that a great 
variety of other bodies were convertible into phosphori by 
exposure to the mere light of the sun, such as organic animal 
remains, most compound salts, nitre and borax — all the fari- 
naceous and oily seeds of vegetable substances, all the gums 
and several of ';he resins — the white woods and vegetable 
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/fibre, either in tlie form of paper or linen ; also starch and 
loaf-sugar proved to be good phosphori, after beinff made " 
thoroughly dry, and exposed to the direct rays of the sun. 
Certain animal substances by a similar treatment were also 
converted into phosphori ; particularly bone^ sinew, glue, hair, 
hom,4ioof, feathers, and fish-shells. The same property was 
communicated to rock crystal and some other of the gems, 
by rubbing them against each other so as to roughen their 
surfaces, and. then placing them for some minutes in the focus 
of a lens, by which the rays of light were concentrated upon 
them at the same time that they were also moderately heated. 
In the year 1768 Mr. Canton contributed some important 
facts in relation to solar phosphori, and communicated a 
method of preparing a very powerful one, which, after the 
inventor, is usually called Canton^ a phosphorus. He affirms 
that his phosphorus, enclosed in a glass flask, and hermeti- 
cally sealed, retains its property of Ikscoming luminous for at 
least four years, without any apparent decrease of activity. 
It has also been found that, if a common box smoothing-iron, 
heated in the usual manner, be placed for half a minute on 
a sheet of dry, white ^paper, and the paper be then exposed 
to the light, and afterward examined in a dark closet, it will 
be found that the whole paper will be luminous, that part, 
however, on which the iron had stood being much more 
shining- than the rest. 

From the above facts it would seem that certain bodies 
have the power of imbibing hght and again emitting it, in 
certain circumstances, and that this power may remain for a 
considerable length of time. It is observed that the light 
which such bodies emit bears an analogy lo that which they 
have . imbibed. In general, the illuminated phosphorus is 
reddish ; but when a weak light only has been admitted to it, 
or when it has been received through pieces of white paper, 
the emitted light is pale or whitish. Mr. Morgan, in the 
seventy-fifth volume of the Philosophical Transactions, treats 
the subject of light at considerable length ; and as a founda- 
tion for his reasoning^ he assumes the following data : 1. That 
light is a body,. and, like all others, subject to the laws of 
attraction. 2. That light is a heterogeneous body, and that 
the same attractive power operates with different degrees ot 
force on its diJSerent parts. To the principle of attraction, 
likewise, Sir Isaac Newton has referred the most extraordi- 
nary phenomena of light. Refraction and Inflection. He has 
also endeavoured to show that light is not only subject to the 
law oi attraction, but of repulsion also, since it is repelled or 
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reflected from certain bodies. If such principles be admitted, 
then it is highly probable that the phosphorescent bodies to 
which we have adverted have a power of attracting or im- 
bibing the substance of hght, &ni of retaining or givmi it out 
under certain circumstances, and that th^ matter 'of %lit is 
incorporated, at least, with the surface of such bodies ; but 
on this subject, as on many others, there is a difiereiice ci 
opinion among philosophers.* 

9. Zight is found to produce a remarkable ejffid oh pJanti 
and flowerSy and other vegetable productions. Of all the 
phenomena which living vegetabfes exhibit, there are few 
that appear more extraordinary than the energy and constjgicy 
with which their stems incline towards the light. Most of the 
discous flowers follow the sun in his course. They attend 
him to his evening retreat, and meet his rising lustre in the 
morning with the same unerring law. They unfold their 
flowers on the approach of this luminary ; tney follow his 
course by turning on their stems, and close them as soon as 
he disappears. If a plant, also, is shut up in a dark room^ - 
and a small hole afterwards opened by which the light of the 
sun may enter, the plant will turn towards that hole, and even 
aher its own shape in order to get near it ; so that though it 
was straight before, it will in time become crooked, that it may 

* Light of a phosphoric nature is frequently Emitted from Tariouii p\l 
frescent animal eubBtances, which, in the ages of BuperBtition, servei to 
astonish and affright the titoorous. We learn, from Fabrieiust an JtalisOi 
that three young men, residing at Padua, having bought a lamb, ud pat^e^ 
part of it on Easter Dajr, 1592, several pieces of the remainaer, Whldn 
they kept till the following day, shone like so many candles wb^n they 
were casually vielved in the dark. The astonishment of the wJ^qfo dtj 
i^as excited by this phenomenon, and a part of th$ flesh was sent to fi^* 
bricius, who was professor of anatomjr, to be examined by him. lie Ob- 
served that those parts which were soft to the teuch imd transparent hi 
candle-liffht wefe the most resplendent ; and alsa that some picN^ f£ 
kid*s flesh which had happened to have lain in contact with them wem 
luminous, as well as the fingers and other parts of the bodies of thos^ 
persons whd touched them. Bartholin ^ves an account of a similar phe- 
nomenon, which hapnetied at Montp^her in 1641. A poor woman bi^ 
bou^t a piece of flesh in the market, intending to make use of it the foU 
lowmg day ; but happening not to be able to ^leep well that night, ana 
her bed and pantry being in the same room, she <H>served so much Ughi 
come firom the fl^sh as to illuminate all the place where it hung. Wo 
may judge of the terror and astonishment of the woman hersehf, when wq 
find tnat a part of this luminous fle^h was carried as a very extraordinat^ 
curiosity to Henry, duke of Cond4, the governor of the place, who viewed 
it several hours with the greatest astonishment. Tl^ lu;fat wa9 as if 
ffems had been scattered over the sur&ce, and eontinuea till the flesh 
began to putrefy, when it vanished, which it was believed to do in th« 
Ibrm of a cross. Hen«d the propriety of instructing the mass ^ ^e com- 
Bmpity in the knowledge of the i^ctf connected vxtk the miteml Wf* 
tern, and ^ physical cauMf of the varidus phenomena of nature. 
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g^ near the Isffku YegetMea placed in rcxmis where diej 
rep^ve light ooly in om direction, almrays extend themselres 
m^atdiieotion. If t^ey leceita light in twa directions, they 
direct their ^^ourse towards that which is strongest. It is not 
the hMt jhni theJi^A/of the snn which the plant thus coTets; 
£;nr,-tiioagh« ^fiie be kept in the room, capable of giringa 
much stronger heat than the sun, the piast wiU turn away 
from tba lire m orderto enjoy the solar hght Trees growing 
in thi^ Ibrests, where they imty receive light from abore, 
direct their ahopte almost inranahly upward, and therefore 
becmne -much taller and less spreading than such as aiand 
mngle. 

The green cdour of plants is Hkewise found to depoid on 
the sun's light being allowed to shine on them ; for withoiU 
the influence of the solar light they arealwajirs of tLwhUe 
colour. It is found by experiment tmtt, if a phmt which :has 
been reared in darkness be exposed to the light of day, in two 
or three days it will acquire a green coloar perceptibly similar 
to that of plants which have grown in open ^ylight. If we 
expose to the li^t one part of the iplanf, whether kafnr 
branch, this part alone will become green. If we cavex any 
part of a leaf with an, opaque substance, this place will remain 
white, while the rest becomes green. The whiteness of the 
inner leaires of cabbages is a partial effect of the same cause, 
and many other examples of the same kind might easily be 
produced. M. Decandc^ie, ifho seems to have paid particu- 
lar attention to this subject, has the following remarks : ^Jt 
is certain, that between the white stato of plants vegetating in 
darkness, and complete verdure, every possible interraed^te 
degree exists, determined by the intensity of the light. €tf 
this any one may easily satisfy himself by attending to the 
colour of a plant expiosed to the full daylight ; it exhibits in 
succession all the degrees^ oi verdure. I had already seen the 
same phenomenon, in a particular manner, by exposing plants 
reared in darkness to the hght df lamps. In these experi- 
ments, I not only saw the ccHOur come on gradually, accord- 
ing to the continuance of the exposure to light, but I satisfied 
mjrself that a certain intensity of permanent light never gives 
to a plant more than a certain degree of coloar. The same 
^ct readily shows itself in nature, when we examine the 
plants that grow under shelter or in forests, or when we ex- 
amine in succession the state of the leaves thett form the heads 
of cabbages."* 

It is hkewise found that the peroration of vegetables v 
• Memoire* de ta So<J. d' AronciL yoI. ii. 
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increased or diminished in a certain measure by the degree 
of light which falls upon them. The experiments of Mr. P* 
Miller and others prove that plants uniformly perspire most 
in the forenoon, though the temperature of ^e air in which 
they are placed shomd be unvaried. M. Guettard likewise 
informs us that a plant exposed to the rays of the sun has its 
perspiration increased to a much greater degree than if it had 
been exposed to the same heat under the slmde. Yecretables 
are hkewise found to be indebted to hght for their smelly taste, 
combustibility, maturity, and the resinous principle, which 
equally depend upon this fluid. The aromatic substances* 
resins, and volatile oil are the productions of southern climates, 
where the light is mcNre pure, constant, and intense. In fine, 
another remarkf^le property of light on the vegetable king- 
dom is that, when vegetables are exposed to open daylight, 
or to the sun's rays, mey emit oxygen gas, or vital air. It 
has been proved that, in the production of this effect, the sun 
does not act as a body that heats. The emission of the gas 
is determined by the fight : pure air is therefore separated by 
the action of h^t, and the operation is stronger as the light 
is more vivid. By this continual emission of vital air, the 
Almighty incessantly purifies the atmosphere, and repairs 
the loss oi pure air occasioned by respiration, combustion, fer- 
mentation, putrefaction and numerous other processes which 
have a tendency to contaminate this fluid, so essential to the 
vigour and comfort of animal ii/e ; so that, in this way, by the 
agency ci light, a due.equiUbrium is always maintained be- 
tween the constituent parts of the atmosphere. 

In connection with this subject the following curious phe- 
nomenon may be stated, as related by M. Haggem, a lecturer 
<m Natural History in Sweden. One evening he perceived 
a faint flash of light repeatedly dart from a marigold. Sur- 
prised at such an uncommon appearance, he resolved to ex- 
amine it with attention ; and, to be assured it was no decep- 
tion of the eye, he pkced a man near him, with orders to 
make a signal at the moment when he observed the light. 
They both saw it constantly at the same mcanent. The light 
was most brilliant on marigolds of an orange or flame colour, 
but scarcely visible on pale ones. The flash was frequently 
seen on the same flower two or three times in quick succes- 
sion, bui more commonly at intervals of several minutes ; and 
when several flowere in the san^e place emitted their light 
togethet, : could be observed at a considerable distance. The 
phenomenon was remarked in the months of July and August 
at sunset, and for half an hour when the atmosphere was clear ; 
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but after a rainy day, or when the air was loaded with va- 
pours, nothing of it was seen. The following flowers emitted 
flashes more or less vivid, in this order : 1. The Marigold. 
2. Monk's Hood. B. The Orange lily. 4. The Indian Pink. 
As to the catise of this phenomenon, different opinions may 
be entertained. From the rapidity of the flash and other cir- 
cumstances, it may be conjectured that electricity is concerned 
in producing this appearance. M. Haggem, after having ob- 
served the flash from the orange Kly, the anther® of which 
are at considerable distance from the petals, found that the 
hght proceeded from the petals only ; whence he concludes 
that this electrical li^t is caused by the pollen, which, in fly- 
ing oflf^ is scattered on the petals. But, perhaps, the true 
cause of it still remains to be ascertained. 

10. Light has been supposed to produce a certain degree 
of influence on the propaoatiok of sound ? M. Parolette, in 
a long paper in the •• Journal de Physique," vol. 68, which 
is copied into ** Nicholson's Philosophical Journal," vol. 35, 
p. 26f — 39, has offered a variety of remarks, and detailed a 
number of experiments on this subject. The author states 
the following circumstances as having suggested the connec- 
tion between light and sound : " In 1808 I lived in Paris, and 
being accustomed to rise before day to finish a work on which 
I had long been employed, I found myself fi^quently disturbed 
by the sound of carriages, as my windows looked into one of 
the most frequented streets in that city. This circumstance, 
which disturbed me in my studies every morning, led me to 
remark that the appearance of daybreak peculiarly affected 
the propagation of the sound ; from dun aifd deep, which it 
was before day", it seemed to me to acquire a more sonorous 
sharpness in the period that succeeded the dissipation of dark- 
ness. The rolling of the wheels seemed to announce the fric- 
tion of some substances grown more elastic ; and my ear, on 
attending to it, perceived this diflference diminish in proper 
tion as the soupd of wheels Was confounded with those ex- 
cited by the tumult of objects quitting their nocturnal silence. 
Struck with this observation, I attempted to discover whether 
any particular causes had deceived my ears. I rose several 
times before day for this purpose alone, and was every time 
confirmed in my suspicion that light must have a peculiar in- 
fluence on the propagation of sound. This variation, how- 
ever, in the manner in which the air gave sounds, might be 
the eflTect of the agitation of the atmosphere produced by the 
rarefaction the presence of the sun occasioned ; but the situ- 
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ationof my windows, and the loHial direction (rf* tho monEUiig^ 
breezOy nmitated against this argument.'^ 

The author then proceeds to give a description of a very" 
delicate instrument, and various apparatus for measuring the^ 
propagation and intensity of sound, and the various experi* 
ments both in the dark and in daylight, and likewise under 
different changes of the atmosphere, which were made with 
his apparatus, all of which tended to prove that light had a 
sensible inHuenoe in the propa&fation of sound. But the de- 
tail of these eicperiments and their several results would be 
too tedious to be here transcribed. The night has generally 
beeb considered as more favourable than the day for the trans* 
mission of sound. «*That this is the case,'* says P^rdette^ 
^ with respect to our ears cannot be doubted ; but this argues 
nothing agfdnst my opinion. We hear Either by night, on 
account of ihe silence, ^id this always contributes to it, while 
the iloise of a wind favourable to the propagation of a sound' 
may prevent the sound from being heard." In reference to- 
the cause which produces the effect now stated, he proposes 
the- following queries : ** Is the atmospheric air more dense 
on the appearance of light than in darkness t Is this greater 
density of the air, or of the elastic fibiid that is subservient to 
the propagation of sound, the effect of aeriform substances r 
kept in this state through the medium of light ?*' He is dis- 
Ik)eed, on the whole, to conclude that the effect in question is' 
owing to the action of light upon the oxygen of the atmo« 
spjiere, since oxygen gas is found by experiment to be best 
adapted to the transmission of sound. 

Our author concludes his communication with the follow* 
ing remarks : <* Light has a velocity 900,000 times as rapid 
as that of sound. Whether it emanate from the sun and 
reach to our earth, or act by means of vibrations agitating the 
particles of a duid of a peculiar nature, the particles of this 
fluid must be extremely light, elastic, and active. Nor does 
it appear to me unreasonable to ascribe to the mechanical 
action of these particles set in motion by the sun the effects its 
presence occasions in the vibrations that proceed from sono- 
. rous bodies. The more deeply we investigate the theory of 
light, the- more we must perceive that the powers by which 
the universe is moved reside in the imperceptible particles 
of bodies ; and that the grand results of nature are but an 
assemblage of an order of actions that take place in its infi- 
nitely small parts ; consequently, we cannot institute a series 
of ezpeiiukents more interesting than those which tend to 
develop the properties of light. Our organs of sense are sc 
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immediately ccmnected with the fluid that enlightens us, that 
the notion of having acquired an idea of the mode of action 
of this fluid, presents itself to our minds as the hope of a 
striking advance in the knowledge of what composes the 
org^anic mechanism of our life, and of that of heings which 
closely follow the rank assigned to the human species.*' 

Such is a brief description of some of the leading proper 
ties of hg^t. Of all the objects that present themselves to 
thephilosophic and contemplative /mind, light is one of the 
noblest and most interesting. The action it exerts on aU the 
ccHfnbinations of matler, its extreme divisibility, the rapidity of 
its propagation, the sublitne wonders it revesds, and the office 
it performs in what constitutes the life of organic beings, lead 
us to ccmsider it as a substance acting the first part in the 
economy of nature. The magic power which thi^ emanation 
from the heavens exerts on our organs of vision, in exhibiting 
to our view the sublime spectacle of the universe, cannot be 
sufficiently admired. Nor is its power confined to the organs 
ci sight ; fdl our senses are, in a greater or less degree, sub- 
jected to the action of light, and all the objects in this lower 
creation — whether in the animal, the vegetable, or the mineral 
kingdoms — are, to a certain extent, susceptible of its influ- 
ence. Our globe appears to be little mclre than an accumu- 
lation of terrestrial materials introduced into the boundless 
ocean of the solar light, as a theatre on which it may display 
its exhaustless power and energy, and give animation, beauty, 
and sublimity to every surrounding scene, and to regulate all 
the powers of nature, and render them subservient to the 
purposes for which they were ordained. This elementary 
substance appears to be universal in its movements and in its 
influence. It descends to us from the solar orb. It wings its . 
way through the voids of space,'along a course of ninety-five 
miuions of miles, till it arrives at the outskirts of our globe ; 
it passes freely through the surrounding atmosphere-; it 
strikes uik)n the clou£, and is reflected by them ; it irra- • 
diates the mountains, the vales, the forests, the rivers, the 
seas, and all the productions of the vegetable kingdom, and 
adorns them with a countless assemblage of colours. It scatters 
and disperses its rays from one end of creation to another, difl[us* 
ing itself throughout every sphere of the universe. It flies 
without intermission from star to star, and from suns to planets, 
throughout the boi^ndless sphere of immensity, forming a con- 
necting chain and a medium of communication among all the 
worlds and beings within the wide empire of Omnipotence. 

4* 
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Whea the son is said '* to rule over the cbty," it is inti- 
mated that he acta aa the vtcegerent of the Ahnighty, who has 
invested him with a mechanical power of giving light, hfe« 
and motion to all the beings susceptible of receiving impres- 
sions from his radiance. As the servant of his Creator, he 
distributes blessing vnthout number among all the tribes of 
sentient and inteUigent existence.. When his rays illumine 
the eastern sky in the morning, all nature isr enhvened with 
his presence. When he sii^ beneath the western honzon, 
the floweito droop, the birds retire to their nests, and a mantle 
of darkness is spread over the landscape of the world. When 
he approaches the equinox in spring, the animal and vegeta<» 
ble tribes revive, and nature puts on a new and a mailing 
aspect. When he declines towards the winter solstice, dreari- 
ness and desolation ensue, and a temporary death takes place 
among the tribes of the vegetable world. This splendid lumi- 
nary, whose light embellishes the whole of this lower crea- 
tion, forms the most lively representation of Him who is the 
source and the centre of all beauty and perfection. ** God is* 
a sun," the sun of the moral and spiritual universe, from 
whcnn all the emanations of knowledge, love, and felicity 
descend. " He covereth himself with light as with a gar- 
ment,'* and ** dwells in light inaccessible and full of glory.*' 
The felicity and enjoyments of the future world are adum- 
brated under the ideas of light and glory. " The glory of 
God enlightens the celestial city;*' its inhabitants are repre- 
sented as << the saints in light ;" it is declared that <* their aun 
shall no more go down,** and that 'Hhe Lord God is their ever" 
lasting light .^^ So that hght not only cheera and enlivens 
all beings throughout the material creation, but is the emblem 
of the Eternal Mind, and of all that is delightful and Uans- 
portiufir in the scenes of a blessed immortality. 

In the formation .of light, and the beneficent effivcts it pro- 
duces, the wisdom and goodness of the Almighty are conspi- 
cuously displayed. Without the beams of tne sun and uie 
influence of light, what were all the realms of this world but 
an undistinguished chaos and so many dungeons of darkness T 
In vain should we roll our eyes around to behold, amid the 
univeraal gloom, the flowery fields, the verdant plains^ the 
flowing streams, the expansive ocean, the moon walking in 
brightness, the planets in their courses, or the innumerable 
host of stars. All would be lost to th& eye of man, and the 
" blackness of darkness** would surround him for ever. And 
with how much wisdom has every thing been arranged in 
relation to the motions and minuteness c^ light ! Were it 
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ci ^ faig of being transfamed into a solid substance, and retain 
its pesent velocity, it would form the most dreadful and ap- 
pidnng element in nature, and produce universal terror and 
destra/ctiofL throughout the unirerae. That this is not impos* 
8S)fe,4aid could easily be afS^ed by the iumd of Omnipotence, 
appears from such substances as pkot^horui^ wheie light i» 
supposed to be ooecentnUed in a sohd state. But in all its 
operstioBr and efl^cts, as it is now directed by unerring wis- 
dom and benefieenee^it exhibits itself as the most benign and 
delightfitl element coimected with the constitution of the ma- 
tearkl fliystem, diffiising splendour and felicity wheiever itft 
mfioenoe extends. 



CHAPTER IL 

ON THE REFRACTION OF LIGHT. 

RETRAcnbN is the turning or bending of the rays of light 
out of their natural course. 

Light, when proceeding from a luminous body — ^without 
being reflected from any opaque substance or inflected by 
passing near one — is invariably found to proceed in straight 
lines without the least deviation. But if it happens to pa(ss 
obliquely from one medium to another, it always leaves the 
direction it had before, and assumes a new one. This change 
of direction, or bending of the rays of light, is what is called 
Refaction — a term wnich probably had its origin froni the 
broken appearance which a staflTor a long pole exhibits when 
a portion of it is immersed in water — the word, derived from 
the Latin frangOy literally signifying breaking or bending. 

When light is thus refracted, or 1ms taken a new direction, 
it then proceeds invariably in a straight line till it meets with 
a diflferent medium,* when it is again turned out of its course. 
It must be observed, however, that though we may by this 
means catise the rays of light to make any number of angles'^ 
in their course, it is impossible for us to make them describe 
a curve, except in one single case, namely, where they pass 
through a medium, the density of which either uniformly 
increases or diminishes. This is the case with the light of 

* By ti medUumf in optics, is meant the space in which a ray of light 
moves, whether pure space, air, water, gloss, diamond, or any other 
transpflrent substance throuifh which the rays of light oen pas* in 
Mralgfat lilies^ 
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the celestial bodies, which passes doymward throueh our at- ^ 
mosphere, and likewise with that which is reflected upward 
through it by terrestrial objects. In both these cases it de« 
scribes a curve of the hyperbolic kind ; but at all other times 
it proceeds in straight lines, or in what may be tak^i for 
straight lines without any sensible error. 

There are two circumstances essential to re&aetioa, 1. That 
the rays of Hght shall pass out of one medium into another of 
a different density, or <^ a greater or less degree of resistance. 
2. That they pass in ati Mique directioiu The denser the . 
refracting medium, or that into which the ray enters, the 
greater will be its refracting power ; and of two refracting 
mediums of the same density, that which is of an oily or 
inflammable nature will have a greater refracting power than 
the other. The nature of refraction may be more particularly 
explained and illustrated by the following flgure and descrip- 
tion: 

Let ADHI, fig. 2, 
be a body of water, A D 
its surface, C a point in 
which a ray of light, B ^ 
C, enters from me air 
into the water. This 
ray, by the greater den- 
sity of the water, instead 
of passing straight for- 
ward in its first direction 
to K, wiU be bent at the 
point C, and pass along 
in the direction C E, 
which is called the refracted ray. Let the line F Q be drawn 
perpendicular to the surface of the water in C, then it is evi- 
dent that the ray B C, in passing out of air, a rare medium, 
into a dense medium, as water, is refracted into a ray C E, 
which is nearer to the perpendicular C G than the incident 
ray BC, and, on the contrary, the ray EC, passing out of a 
denser medium into a rarer, will be refracted into C B, which 
is farther from the perpendicular. 

The same thing may be otherwise illustrated as follows : 
Suppose a hole msfde in one of the sides of the vessel, as at 
o, and a lighted candle placed within two or three feet of it, 
when empty, so that its flame may be at L, a ray of light pro- 
ceeding from it will pass through the hole, a, in a strai^t 
line, LBCK, till it reach the bottom of the vessel at K, 
where it will form a small circle of light. Having put a 
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tUBfk at tke point K, pour water into the vessel till it rise to 
tbe height AD, and the round spot that was formerly at K 
will appear at £2 ; that is, the ray which went straight forward, 
when die Tessei was empty, to K, has heen hent at the point < 
C, where it fells into the water, into the line C E. In this ex* 
periment it is necessary that the front of the vessel shonld be 
of glass, in order that4he course of the ray may be seen ; and 
if a little soap b» raixied with the water so as to give it a Httle' 
mistinesfi, the ray C E will be distinctly perceived* If, in 
[^ace of fresh watery we pour in salt w^ter^ it will be fbund 
that the ray BO is more bent at C In Hke manner, alcohol 
will refract the ray B C more than salt water, and oil more 
than alcohol, and a piece of solid glass, (d the shape of the 
water, would refract the light still more than the oiL 

The angle of refraction depends on the obliquity of the tots/ 
felliag on the refracting surface being always such, that the 
sine of the incident an^e is to the sine of the refracted angle 
in a given proportion. The incident angle is the angle made 
by a ray of hght and a line drawn perpendicularly to the re- 
fracting surface, at the point where the light enters the sur- 
fiice. The refracted angle is the angle made by the ray in 
the refincting medium with the same perpendicular produced. 
The sine of the angle is a line which serves to measure the 
angle, being drawn from a point in one leg perpendicular to 
the other. Tdie following figure (fig. 3) wiu tend to illustrate 
tbese definiti(»is. 




In this figure, BG is the incident ray, C E the refracted 
rtiy, I><1 tile perpendicular, A D the sine ci the angle of inci- 
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dence ACD, atid HR the sine of the ande of iefnction 
3C E. Now, it is a proposition in optics, tnat the, sine A D : 
of the angle of incidence B C D is either accurately or Very 
nearly ii;! a given proportion td the sine H R (^ the angle of 
refraction Q C E. This, ratio of the sines is as four to three, 
when the refraction is made out of air into water, that is, A D 
is to H R as four to three. When the rdractton is out of air 
into glass, the proportion is about as thirty-one to twenty, or 
nearly as three to two. If the refraction be out of air into 
diamond, it is as five to two, that is* A D : H R : : 6 : 2. The 
denser the medium is, the less is the angle and sine of refrtu> 
tion. If a ray of light, M C, were to pass from air into water, 
or from empty space into air, in the direction M C perpen- 
dicular to the plane N O, which separates the two mediums, 
it would sufier no refraction, because one of the essentials to 
what effect is wanting, namely, the qbltqidty of the incidence* 

It may be also proper to remark that a ray of light cannol 
pass out of a denser medium into a rarer, if the angle of 
mcidence exceed a certain limits' Thus a ray of light will 
not pass out of glass into air, if the angle of incidence exceed 
40^ 11'; or out of glass imo water, if the angle of incidence 
exceed 69** 20'. In such cases refraction will be changed 
into reflection. 

The following common experiments, which are easily pep- 
formed, will illustrate the doctrine of refraction : Put a shil- 
ling, or any other small object which is easily distinguished, 
into a ba^in qr any other similar vessel, and then retire to such 
a distance as that the edge of the vessel shall just hide it 
from vour sight. If then you cause another person to fill the 
vessel with water, you will find that the shiUing is rendered 
perfectly visible, although you have not in the slightest de- 
gree changed your position. The reason of this is, that the 
rays of light, by which it is rendered visible, are bent out of 
their course. Thus, suppose the shilling to have been placed 
in the bottom of the basin at E (fig. 2), the ray of light B C 
which passes obliquely from the air into water at C, instead 
of continuing its course to K, takes the direction of C E, and, 
consequently, an object at E would be rendered visible by 
rays proceeding in that direction, when they would riot have 
touched it had they proceeded in their direct course. 

The same principle is illustrated by the following experi- 
ment: Place a basin or square box on a table, and a candle 
at a small distance from it ; lay a small rod or stick across the. 
sides of the basin, and mark the place where the extremity 
of the shadow falls, by placing a shilling or othes object at . 
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the p<nnt ; then let water be pcrared into the bashi, and the 
idiadow will then ^1 much nearer to the side next the can- 
dle than before. This experiment may bkewise be pei^rmed 
by mmpiy obserring the change prdduced on the shadow of 
the side of the basin itself. Again, put a ioag stick obliquely 
juto deep water, and the stick will seem to be l»roken at the 
pcnnt, where it appei^s at the sur&ceof the water, the part 
which is immersed in the water appearmg to be bent upward. 
Hence every one must have observed that, in rowing a boat, 
the ends of the oars aj^ear bent or broken every time they 
are immersed in the water, and their appearance at sucn 
times is a ref^resentation of the coarse of the refracted rays. 
Again, fill a pretty deep jar with water, and you will observe 
the bottotn of the jat considerably elevated, so that it appears 
much shallower than it did before the water was poured in, 
in the proportion of nearly a third of its depth, which is 
owing to the same cause as. that which makes the end of a 
stick immersed in water appear more elevated than it would 
do if there were no refraction. Another experiment may be 
just mentioned. Pat a sixpence in a wine-glass, and pour 
upon it a little water. When viewed in a certain position^ 
two sixpences will appear in the glass— K)ne image of the six- 
pence from below, which comes directly to the eye, and an- 
other which appears considerably raised above the other, in 
consequence of the rays of light rising through the water, ' 
and being refracted. In this experiment the wine-glass 
should not be more than half filled with water. 

The refraction of light explains the causes of many curious 
and interesting phenomena both in the heavens and on the 
earth. When we stand on the banks of a river, and look ob- 
liquely through the waters to its bottom, we are apt to think 
it is much shallower than it really is. If it be eight feet deep 
in reality, it will appear from the bank to be only six feet ; 
if it be five feet and a half deep, it will appear only about 
four ieet. This is owing to the effects of refraction, by 
which the bottom of the river is apparently raised by the re- 
fraction of the light passing through the water into air, so as 
to make the bottom appear higher than it really is, as in the 
experiment with the jar of water. This is a circumstance 
of some importance to be known and attended to in order to 
personal safety ; for many school-boys and other young per- 
sons have lost their lives by attempting to ford a river, the 
bottom of which appeared to be within their reach when they 
viewed it from its links ; and even aduH travellers on horse^ 
Sock have-SOTftetimes fallen vi<iUms to thas optical deception ; 



aod tins is not the only caae in -winch a knonrledge utibM 
laws of naUtfe i^ay ^ iiaeiiil m gnuding 10 againtt dangiMB 
and fatal accidents. 

It is likovdas oinng to this l e fi ra cta y e ponrar in watarttte 
a skilfiil) marksman, who .wishes toshostriah under water^is 
obliged to take aim ctxisideiaUy Mow the fish as it apnant, 
beoause it seems much nearer the top of the water than it 
really is. An acquaintance with this pK^er^ of light is 
particulariy useful to dirers, for, in any of their moremmts 
or operations, should they aim directly at the object, they 
would airive at a point consideiably beyond it; whereas, by 
hating some idea of the depth of 'the watear, and the tto^ 
which a line dmwn from the eye to the object makes with its 
sur&ce, the point at the bottom <^ the water, between die e^e 
and the object at which the aim is to be taken, may be eaailj 
determined. For the same reason, a person below water does 
not see objects distinctly. For, as the aqueous humour of the 
eye has the same refractive power as water, the rays of hg^ht 
from any object under water will undergo no refraction in 
passing through the cornea and aoneous humour, and will 
therefore meet in a point far behina the retina. But if any 
person, accustomed to go bek>w water, should use a pair M 
apectacles, consisting of two convex lenses, the radius of 
whose surface is three-tenths of an inch — which is nearly 
the radius of the convexity of the cornea-— he will see objects 
as distinctly below water as above it 

It is owing to refracticm that we cannot judge so accurate^ 
of magnitudes and distances in water as in air. A fish looks 
considerably larger in water than when taken out of it. An 
4>bject plunged verHcaify into water alwa3r8 appears con* 
tracted, and the, more so as its upper extremity approaches 
nearer the surface of the water. Every thing remaining in 
the same situation, if we take the object gradimUy out of the 
water, and it be cf a slender form, we shall see it become 
larger and larger, by a, rapid development, as it were, g[ ail 
its parte. The distortion of objects, seen through a crooked 
pane of gkiss in a window, likewise arises from its unequal 
refraction of the mys that pass through it. It has been calr 
culated that, in looking through the common glass of a win- 
dow, objects appear about the one-thirtieth of an inch out of 
their real place, by means of the refraction. 

Refraction likewise produces an efiect upon the hemvenhf 
bodieSt so that their apparent positions are generally d^renl 
from their real. By the refrac^ve power o[ the atmoaphere, 
the sun is seen b^nre. he .conges, to the homcm in thei i 



ing, and after he sinks bene^ it in the eremng ; mi hence 
this Imminarjr is nerer seen in the place in which ^it really is, 
except when itpasses the 2enith at noon^ to places within the 
torrid zone, liie sun is visibfe when ac^mUj thirty-iwo 
ininules of t, degree below the horison, and when the (^>tau^ 
rotnndity of die earth is kiterposed between our eye a«4 tha^ , 
orby just on the same principle as^ in the eixperiinei^ yfili^ 
the shilling and basin of water, the shilling was seen when 
the edge df the basin interposed between it and the sight. 
The re£ractiye power of the atmosphere has been found to 
be much greater, in certain cases, than what has been now 
stated. In the yeiyr 1505, a company of Dutch sailors having 
been wrecked on the shores of Nova Zembla, and having 
been dUiged to remain in that desolate region during a night 
d* more than three months, beheld the sun make his ap- 
pearance in the horizon about sixteen days before the time 
in which he should have risen according to calculation, and 
when his body was actually more than four degrees below the 
horizon ; which circumstance has been attributed to the great 
refractive power cf[ the atmosphere in those intensely cold re- 
gions. This refraction of the atmosphere, which renders the 
apparent rising and setting of the sun both earlier and later 
than the real, produces, at least, one important beneficial 
eifect. It procures for us the benefit of a much longer day 
at all seasons o[ the year, than we should enjoy did Hot th^ 
poperty of ^he atmosphere produce this efilect. It is owii^ 
m me same cause that the disks of the sun and moon appear 
elHptical cnr oval when seen in the hoiison, their hotuiontai 
diameters appearin|f longer than their verHcal, which 14 
caused by the greater infraction x>f the rays ooming frbm tho 
lower Hmb, which is inmiersed in the densest past df the al* 
mosphere. 

Tjie illumination of the heavdns which precedes the rising 
d the sun, and continues some time after he is set, or what 
m commonly called the morning and eveniujgf twilight^ is 
likewise produced by the atmospherical relractien» which cir- 
cumstance forms a very pleasing and beneficial arrangement 
in the system o£ nature. It i^ only prolongs to us tii^ in- 
fluence of the solar light, and adds nearly, two hours to the 
length of our day, but prevents us from beinff transporlea all 
at once from the darkness o[ midniffht to tbs spl^dour of 
noonday, and from the effulgence of dur to thd gloom and 
horrors of the night, which would bewilcCer the teaveller wd 
navigator in their journeys by sea or^ land, and atrtke ^ 
living world with tenor and amaxemeat. 
Vol. IX. 6 



so 
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Tlie foUowifig figaie will illustrate the position now stated* 
and the manner in which the refraction of the atiQosphere 
produces these effects : Let A a C, fig. 4, represent one half 
of our globe, and the dark space between that curre and B r 
D, the atmosphere. A person standing on the earth's sur- 
£ice at a would see the sun rise at b, when that luminary 
was in reality only at c« more than half a degree below the 




horizon. When the rays <rf the sun, after having proceeded 
in a straight line through empty space, strike the upper part 
of the atmosphere at the pomt d, they are bent out of their 
Tight-lined course by the refracticxi of the atmosphere, into 
the direction <2 a, so that the body of the sun^ though actually 
intercepted by the curve of the earth's convexity, consisting 
of a dense mass of land or water, is actually beheld by the 
spectator at «• The refractive power of the atmosphere 
gradually diminishes from the horizon to the zenith, and in- 
creases from the zenith to the horizon, in proportion to the den- 
sity of its different strata, being densest at its lower extremity 
next the earth, and more rare towards its higher regions. If 
a person at a had the sun e, in his zenith, he would see him 
where he really is ; for his rays coming perpendicularly through 
the atmosphere, would be equally attracted in all directions, and 
would, therefore, sufier no inflection. But, about two in the 
aflernoon, he would see the sun at i, though, in reality, he 
was at Ar, thirty-three seconds lower than his apparent situa- 
tion. At about four in the afternoon he would see him at m, 
when he is at n, one minute and thi^'ty-eight seconds from 
his apparent situation. But at six o'clock, when we shaD 
suppose he sets, he will be seen at o, though he is at ^^ at 
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time at /?, more than thirty-two minutes below the horizon. 
These phenomena arise frcMn the different refractive powers 
of the atmosphere at different elevations, and from the obli- 
quity with which the rays of light fcdl upon it ; for we sec 
every object along that fine in which the rays from it are 
directed by the last medium through which they passed. 

The same phenomena happen in relation to the moon, the 
planets, the comets, the stars, and every other celestial body, 
all of which appear more elevated, especially when near the 
horizon, than their true places. The variable and increasing 
refraction from the zenith to the horizon is a source of con- 
siderable trouble and difficulty in making astronomical obser- 
vations, and in nautical calculations ; for, in order to deter- 
mine the real altitudes of the heavenly bodies, the exact de- 
gree of refraction at the observed elevation must be taken into 
account. To the same cause we are to ascribe a phenomenon 
that has sometimes occurred, namely, that the moon has 
been seen rising totally eclipsed, while the sun was still vi- 
sible in the opposite quarter of the horizon. At the middle 
Of a total eclipse of the moon, the sun and moon are in oppo- 
sition, or 180 degrees asunder : and, therefore, were no at- 
mosphere surrounding the earth, these luminaries, in such a 
position, could never be seen above the horizon at the same 
time. But by the refraction of the atmosphere near the hori- 
zon, the bodies of the sun and moon are raised more than 32 
minutes above their true places, which is equal, and some- 
times more than equal, to the apparent diameters of these 
bodies. 

Extraordinary Cases of Refraction in Eelation tq T'crret- 
trial Objects. ^ 

In consequence of the accidental condensation of certain 
strata of the atmosphere, some very singular eflfects have been 
produced in the apparent elevation of terrestrial objects to a 

?)sition much beyond that in which they usually appear 
he following instance is worthy of notice. It is taken from 
the Philosophical Transactions of Xiondon for 1798, and was 
communicated by W. Latham, Esq., F. R. S., who observed 
the phenomenon from Hastings, on the south coast of England : 
"On July 26, 1797, about five o'clock in the afternoon, as I 
was sitting in my dining-room in this place, which is situated 
upon the Parade, clpse to the seashore, nearly fronting the 
south, my attention was excited by a number of people run- 
ning down to the seaside. Upon inquiring the reason, I was 
informed that the coast (^ France was plainly to be distiTi- 
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guiifaed by the naked eye. I immediately went down to the 
shore, and was surprised to find th»t, eten without the assisi- 
imce of a telescope, I could very jdainly see the cliffi on the 
opposite coast, which, at the nearest part, are between forty 
ana fifty miles distant, and are not to be discerned from 
that low situation by the aid <d the best glasses. They w«- 
peared to be only a few miles ofi*, and seemed to extend for 
some leagues along the coast. I pursued my walk alonff the 
shore eastward, close to the water's edge, conyersinjj^ with the 
sailors and fishermen upon the subject. They at mrst would 
not be persuaded of the reality of the appearance ; but they 
soon became so thoroughly ccmvinced by the clifils gradually 
appearing more derated, and approaching nearer, as it were^ 
that they pointed out and named to me die difierent places 
they had been accustomed to yisit, such as the Bay, the Old 
Read, or Man, the Windmill, dbc., at BouIc^;ne, St. Vallery, 
and other places on the coast of Picardy, which they after- 
ward confirmed, when they yiewed them through their tele- 
scopes. Their obsenrations were, that the places a|^>ei^ed as 
near as if they were sailin^^, at a small distance, into the bar* 
bour$. The da}r on which this phenomenc^ was seen waf 
extremely hot; it was hi|h water at Hastmgs about two 
o^clock P. M., and not a breath of wind was stirring the 
whole day.^' From the summit of an adjacent hill, a most 
beautiful scene is said to haye presented itself. At (me glance 
the spectators could see Dungeness, Doyer Clifis, and the 
French coast, all along from Calais to St. Yallery» and, as 
some affirmed, as far to the westward as Dieppe^ which could 
not be much less than eighty or ninety miles. By the tele- 
scopes the French fishing-boats were plainly seen at anchor^ 
and the difierent colours of the land on the heights, with the 
buildings, were perfectly discernible. 

This singular phenomenon was doubtless occasioned by an 
extraordinary refraction, produced either by an unusual ex- 
pcmsion or condensation of the lower strata of the atmosphere, 
vising from circumstances connected with the extreme heat 
of the season. The objects seem to haye been apparently 
raised &r aboye their natural positions ; for, from the beacL 
at Hastings, a straight line, drawn across towards the French 
coast, would haye been intercepted by the curye of the waters. 
They seem also to have been mafi;mfied by the refraction, 
and hrought apparently^ four or nve times nearer die eye 
than in the ordinary state of the atmosphere. 

The following are likewise instances of unusual refraction : 
When Ckptain Colby was ranging oyer thf coast of Caith«- 
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uess, with the telescope of his great theodolite, on the' Slat 
of June, 1819, at eight o'clock p. m., from Corryhahhie Hill, 
near Mortlich, in Bani&hire, he objerved a brig orer the land 
of Caithness, sailing to the westward in the Pentland Frith, 
between the Dunnet and Duncansby heads. Haring satisfied 
himself as to the fact, he reouested his assistants. Lieutenants 
Robe and Dawson, to look through the telescope, which they 
immediately did, and observed the brig Kkewise. It was* 
rery distinctly risible for several minutes, while the party 
continued to look at it, and to satisfy themselves as to its po- 
sitiiHi. The brig could not have oeen less than from ninety 
to one hundred miles distant ; and, as the station on Corry- 
hahhie is not above 850 yards above the sea, the phenomenon 
is interesting. The thermometer was at 44*^. The night and 
day preceding the sight of the brig had been continually rainy 
and misty, and it was not till seven o'clock of the evening of 
the 21st that the clouds cleared oflTthe hill.* 

Captain Scoresby relates a singular phenomenon of this 
kind, which occurred while he was traversing the Polar seas. 
ffis ship had been separated by the ice from that of his/her 
for a considerable time, and he was looking out for her every 
day with great anxiety. At length, one evening, to his utter 
astonishment, he saw her suspended in the air, in an inverted 
position, traced on the horizon in the clearest colours, and 
with the most distinct and perfect representation. He sailed 
in the direction in which he saw this visionary phenomenon, 
and actually found his fether's vessel by its indication. He 
was divided from him by immense, masses of icebergs, and 
at such a distance that it was quite impossible to have seen 
the ship in her actual situation, or to have seen her at all, if 
her spectrum had not been thus raised several degrees above 
the horizon into the sky by this extraordinary refraction.. 
She WXU8 reckoned to be seventeen miles beyond the visible 
horizon, and thirty miles distant. 

Mrs. Somerville states that a friend of hers, while standing 
on the plains of Hindostan, saw the whole upper chain of the 
Hin^alaya Mountains start into view, from a sudden change in 
the density of the air, occasioned by a heavy shower, after a 
long course of dry and hot weather. In looking at distant 
objects through a telescope, over the top of a ridge of Hills, 
alout two mDes distant, I have several times observed that 
some of the more distant objects which are sometimes hid by 
the interposition of a ridge of hills, are at other times distinctly 
visible above them. I have sometimes observed that objects 
* Edinburgh Philosophical Journal for October, 1819, p. 411. 
5^ 
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nesr the middle of the field of view of a telescope, which waa 
in a fixed position, hare suddenly appeared to descend to the 
lower part, or ascend to the upper part of the field, while the 
telescope remained unaltered. I have likewise seen with a 
powerlul telescQpe, the Bell Bock Lichthouse, at the distance 
of about twenty^ miles, to appear as if contracted to less than 
two^hirds of its usual apparent height, while every part of 
. it was quite distinct and well defined, and in the course of an 
hour, or less, it appeared to shoot up to its usual apparent 
elevation — all which phenomena are evidently^ produced by 
the same cause to which we have been adverting;* 

Such are some of the striking efiects produced by the re- 
fraction of light. It enables us to see objects in a direction 
where they are not ; it raises, apparently, the bottoms of lakes 
and rivers ; it magnifies objects when their light passes through 
dense mediums ; it makes the sun appear above the horizon 
when he is actually below it, and thus increases th^ length 
of pur day ; it produces the Aurora and the evening twili^t, 
which forms, in many instances, the most delightiiu part of a 
summer day ; it prevents us from being involved in total 
darkness, the moment after the sun descended beneath the 
horizon ; it modifies the appeaiances of the celestial bodies, 
and the directions in which they are beheld ; it tii^res the 
sun, moon, and stars, as well as the clouds, with a ruddy hue 
when near the horizon ; it elevates the appearance of terres-. 
trial objects, and, in certain extraordinary cases brings them 
nearer to our view^and enables us to behold them ymen be- 
yond the line of our visible horizon. In combination with 
the power of refiecticn, it creates visionary landscapes, and a 
variety of grotewjue and extraordinary appearances, which 
delight and astonish, and sometimes appal the beholders. In 
short, %8 we shall afterward see more particularly, the refrac- 
ti<m of light through glasses of difierent figures forms the prin- 
ciple on which telescopes and microscopes are constructed, 
by which both the remote and the minute wonders of crea- 
tion have been disclosed to view. So that, had there been 
no ,bodies capable of refracting the rays of light, we should 
have remained for ever ignorant of many sublime and august 
objects in the remote regions of the universe, and of the ad- 
miraUe mechanism and the countless variety of minute ob- 
jects which lie beyond the range of the unassisted eye in our 
lower creation, all of which are calculated to direct our views, 
and to enlarge our conceptions of the Almighty Creator.^ 

In the operation of tne law of refraction in these and nu- 
merous other instance^, we have a specimen of the diveijsified 
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and beneficfent efi^cts v/idch t^e Aknighty can produce by 
the agency of a singJe principle in nature. By the influence 
of the simple law c^ gravitation the planets are retained in 
their orbits, the moon directed in her course around the earth, 
and the whole of the bodies connected with the sun preserved 
in one haitooinous system. By the same law the mountains 
of oar globe rest on a solid basis, the rivers flow through the 
plains towards the seas, the ocean is confined to its prescribed 
Umndariea, and the inhabitants of the earth are retained to its 
surface, and prevented from flying upward through the voids 
oi space. In like manner, the law by which lie^ht is refracted 
produces a variety of beneficial effects essential to the present 
constitution of our world and the comfort of its inhabitants. 
When a xay of light enters obliquely into the atmosphere, in- 
stead of passing directly through, it bends a little downwards, 
so that the greater portion of the rays which thus enter the 
atmospheric mass descend by inflection to the earth. We 
then enjoy the benefits of that light which would otherwise 
have been totally lost. We perceive the light of day an 
hour before the solar orb makes its appearance, and a portion 
of its light is still retained when it has descended nearly 
eighteen degrees below our horizon. We thus enjoy, through- 
out the year, seven hundred and thirty hours of light which - 
would have been lost had it not been refracted down .upon us 
from the upper regions of the atmbsphere. To the inhabit- 
ants of the polar regions this efiect is still more interesting 
and beneficial. Were ft not for their twilight, they would 
be involved, for a much longer period than tney now are, in 
perpetual dari^ness ; but by the powerful refraction of light 
which takes place in the frigid zones, the day sooner makes 
its appearance towards spring, and their long winter nights 
are, in certain cases, shortened by a period of thirty days. 
Under the poles, where the darkness of nigbt would continue 
six months without intermission, if there were no refraction, 
total darkness does not prevail during the one-half of this 
period. When the sun sets, at the north pole, about the 23d 
of September, the inhabitants (if any) enjoy a perpetual 
aurora till he has descended eighteen degrees below the hori- 
zon. In his course through the ecliptic, the sun is two 
months before he can reach this point, during which time 
there is a perpetual twilight. In two months more he arrives 
again at the same point, namely, eighteen degrees below the 
horizon, when a new twilight commences, which is con- 
tinually increasing in brilliancy for other two months, at the 
end of wl^h the body of this luminary is seen rising in al 
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its glory. So that, in this region, the light of day is enjoyed, 
in a CTeater or less degree, for ten months without interrup- 
tion by the effects of atmospheric refraction ; and, during 
the two months when the influence of the solar light is en- 
tirely withdrawn, the moon is shining above the horizon for 
two half months without intermission ; and thus it happens 
that no more than two separate fortnights are passed in ab- 
solute darkness ; and this darkness is alleviated by the light 
c^ the stars and the frequent coruscations of the Aurora Bo- 
realis. Hence it appears that there are no portions of our 
fijiobe that enjoy, throughout the year, so large a portion of 
me solar h'ght as these northern regions, which is chiefly 
owing to the refraction of the atmosphere. 

The refraction of light by the atmosphere, combined with 
its power of reflecting it, is likewise the cause of that uni- 
versal light and splendour which appears on aU the objects 
around us. Were the earth disrobed of its atmosphere, and 
exposed naked to the solar beams, in this case we might see 
the sun without having day, strictly so called. His risiag 
would not be preceded by any twilight as it now is. The 
most intense darkness would cover us till the very mcnnent 
of his rising ; he would then suddenly break out from under 
the horizon with the same splendour he would exhibit at the 
highest part of his course, and would not change his bright- 
ness till the very moment of his setting, when, in an instant 
all would be black as the darkest ui^t. At noonday we 
should see the sun like an intensely brilliant globe shinmg in 
a sky as black as ebony, like a clear fire in the niffht seen in 
the midst of an extensive field, and his rays would snow us the 
adjacent objects immediately around us ; but the rays which 
fall on the objects remote from us would be for ever lost in 
the expanse of the heavens. Instead of the beautiful azure 
of the sky, and the colours which distinguish the face of 
natuie by day, we should see nothing but an abyss of dark- 
ness, and the stars shining from a vault as dark as chaos. 
Thus there would be no day, such as we now enjoy, without 
the atmosphere ; singe it is by the refraction and reflections 
connected with this aerial fluid that light is so modified and 
directed as to produce all that beauty, splendour, and har- 
mony which appear on the concave of the sky, and on the 
objects which diversify our terrestrial abode. 

The effect of refraction, in respect to terrestrial objects, is 
likewise of a beneficial nature. The quantity of this refrac- 
tion is estimated by Dr. Maskelyne at one-tenth of the dis- 
tance of the object observed, expressed in degrees of a great 
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Circle. Hence, if the distance be 10,000 fitthoms, its tenth 
part, 1000 fathoms, is the sixtieth part of a degree, or one 
minute, which is the refraction in altitude. Le Grendre 
estimates it at one fourteenth, De Lambre at one eleventh, 
and others at a twelfth of the distance; but it must be sup- 
posed to vary at difierent times and places according to tne 
varjring state of the atmosphere. This refracticoi, as it 
makes objects appear to be raised higher than they really 
are, enlar^s the extent of our landscapes, and enables us to 
perceive oistant objects which would otherwise have been 
invisiUe. It is particularly useful to the navigator at sea. 
U is one important object of the mariner, when traversing 
his coarse, to look out for capes and 'headlands, rocks and 
islands, so fis to descry them as soon as they are within the 
reack of his eye. Now, by means of refraction, the tops of 
luUs and the elevated parts of coasts are apparently raised 
into the air, so that they may be discovered several leagues 
&rtlie7 off (HI the sea than tney would be did no such re- 
^active ppwer exist. This circumstance is therefore a con- 
siderable benefit to the science of navigation, in enabling the 
mariner to steer his course aright, and to give him the most 
early warning of the track he ought to take, or of the dangers 
to which he may be exposed. 

Ill shorty the effects produced by the refraction and reflec- 
tion of light on the scenery connected with our globe teach 
us that these principles, in the hand of the Almighty, might 
be so modified and directed as to produce the most pictur- 
esque, the most glorious, and wonderful phenomena, such as 
mortal eyes have never yet seen, and of which human imagi- 
nat|<m can form no conception ; and in other worlds, more re- 
^lendent and magnificent than ours, such scenes may be fully 
realized, in combination with the operation of physical princi- 
ples and agents with which we are at present unacquainted. 
Frcwn what we already know of the effects of the reflection 
and the refraction of light, it is not beyond the bounds of 
probability to suppose that, in certain regions of the universe^ 
light may be reflected and refracted through difierent me- 
diums, in such a manner as to present to the view of their 
inhabitante the prominent scenes connected with distant sys- 
tems and worlds, and to an extent as shall infinitely surpass 
the efi!ect8 produced by our most powerful telescopes. 
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CHAPTER III. 

ON THE REFRACTION OF LIGHT THROUGH SPHERICAL TRAMB- 
PARENT SUBSTANCES, OR LENSES. 

It is to the refraction of light that we are indehted for the 
use of lenses or artificial glasses to aid the powers €i vision. 
It lays the foundation of telescopes, microscopes, camera ob- 
scuras, phantasmagorias, and other optical instruments, by 
which so many beautiful, useful, and wonderful effects have 
been produced. In order, therefore, to illustrate the princi- 
ples on which such instruments are constructed, it is neces- 
sary to explain the manner in which the rays of light are re- 
fracted and modified when passing through spherical me- 
diums of different forms. I do not intend, however, to enter 
into the minutisB of this subject, nor into any abstract mathe- 
matical demonstrations, but shall simply offer vl few explana- 
tions of general principles, and several experimental illustra- 
tions, which may enable the general reader to understand the 
construction of *he optical instruments to be afterward de- 
scribed. 

A lens is a transparent substance of a different density from 
the surrounding medium, and terminating m two surfaces; 
either both spherical, or one spherical and the other plain. It 
is usually made of glasSi but may also be formed of any cAher 
transparent substance, as ice, crystal, diamond, pebbles, or by 
fluids of different densities and refractive powers, enclosed 
between concave glasses. Lenses are ground into various 
forms, according to the purpose they are intended to serve. 
They may be generally distin- Figure s. 

guished as being either convex ^^^jjagSUBfea*. piano-totwex. 
or concave. A convex glass is ,mm|||| 

thickest in the middle, and thin- ^ ppBlfflBII Pkino-40new>i. 
ner towards the extremities. Of ^^.^.mmmm^ 
these there are various forms, (*'^^^Bti^^ JOouhu Connwc 
which are represented in fiff. 6. [iw ^ 

A is 3L plano-convex lens, which |^^im|| ihubk Cofume. 
has one side plane, and the other _^-^_ 

'spherical or convex. B is a i||||0l^h||| 
plano-concave, which is plane JsP ^"^"^ ^ Mmueus, 
on the one side and concave jp ^0SSS^i^^ ceneavo-eonvix. 
aa the other. C is a double 
eonveXf or one \rhich is sphercial on both sides. D, a dotiblt 
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coneavef (»r concave on both sides. E is called a meniscuM 
which is convex on one side and concave on the other. F is' 
a toncavO'Convex, the convex side of which is of a smaller 
sphere than the cwicave. In regard to the degree of convexi- 
ty or concavity in lenses, it is evident that there may be al*- 
most an infinite variety. For every convex surface is to be 
considered as the segment of a circle, the diameter and radius 
of which may vary to almost any extent. Hence lenses have 
been formed by opticians, varying from one-fiftieth of an inch 
in radius to two hundred feet. When we speak of the length 
of the radius of a lens, as, for instance, when we say that a 
lens is two inches or forty inches radius, we mean that the 
convex surface of the glais is the part of a circle, the radius 
of which, or half the diameter, is two inches or forty inches ; 
or, in other words, were the portion of the sphere on which 
it is ground formed into a globe of corresponding convexity, 
it would be four inches or eighty inches in diameter. 

The axis of a lens is a straight line drawn through the 
centre of its spherical surface ; and, as the spherical sides of 
every lens are arches of circles, the axis of the lens would 
pass through the centre of that circle of which its sides are 
segments. Rays are those emanations of light which pro- 
ceed from a luminous body, or from a body that is illuminated. 

The Hadiant is that body or object which emits the rays 
of light, whether it be a self-lurpinous body, or one that only 
reflects the rays of light. Rays may proceed from a Radiant 
in different directions. They may be either parallel, con- 
verging, or diverging. Parallel rays are those which pro* 
ceed equally distant from each other through their whole 
course. Rays proceeding from the sun, the planets, the stars, 
and distant terrestrial objects are considered as parallel, as in 
fig. 6. Converging rays are such as, proceeding from a body, 
approach nearer and nearer in their progress, tending to a 
certain point where thev all unite. Thus, the rays proceed- 
ing from the object A B (fig. 7) to the point F, are said to 
converge towards that point. All convex glasses cause par- 
allel rays which fall upon them to converge, in a greater or 
less degree ; and they render converging rays still more con- 
vergent. If A B, fig. 7, represent a convex lehs, and 11 G I 
parallel rays falling upon it, they will be refracted, and con- 
verge towards the point F, which is called the focus, or burn- 
ing point ; because, when the sun's rSiys are thus converged 
to a point by a large lens, they set on fire combustible sub- 
stances. In this point tKe rays meet and intersect voach other. 
Diverging rays are those which, proceeding from any point. 
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18 A» fig. 8, continually recede from each other as they paai 
along in their course towards B C. All the rays which pro- 
ceed from near objects, as a window in a room, or an adjacent 
house or garden, are more or less divergent, The following 
figures show the effects of parallel, converging, and diverg^g 
rays, in passing through a double convex lens : 

Fig. 9 shows the effects of parallel rays, K A, DE, L B, 
faUing on a convex glass, A B. The rays which &11 near 
* the extremities at A and B are bent or refracted towards C P, 
the focus, and centre of convexity. It will be observed that 
they are less refracted as they approach the centre of the 
lens, and the central ray D E U, which is called the ftxia of 
the lens, and which passes through its centre, suffers no re^ 
fraction.. Fig. 10 exhibits the course of converging rays 
when passing through a similar lens. In this case, the rays 
converge to a focus nearer to the lens than the centre ; for a 
convex lens uniformly increases the convergence of converge 
ing rays. The converging rays here represented may be 
conceived as having been refracted by another convex lens 
of a longer focus, and, passing on towards a point of conver- 
gence, were intercepted by the lens A B. The point D is the 
place where the rays would have converged to a focus, had 
they not been thus intercepted. Fig. 11 represents the course 
of diverging rays when falling on a double convex glass, in 
this case, the rays D B, D A, &c., after passing through the 
lens, converge to a focus at a point considerabfy^ ferther from 
the lens than its centre, as at F. Such rays must be co^.< 
sidered as proceeding from near objects, and the fact may b 
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illustrated by the following experiment : Take a common 
reading glass, and hold it in the rays of the sun, opposite a 
sheet of writing paper or a white wall, and observe at what 
distance from the glass the rays on the paper converge to a 
small, distinct white spot. This distance gives the focal 
length of the lens by parallel rap. If now we hold the glass 
wimin a few feet of a window, or a burning candle, and re- 
ceive its image on the paper, the focal distance of the image 
from the ^lass will be found to be longer. If, in the former 
case, the focal distance was twelve inches, in the latter case 
it will be thirteen, fifteen, or sixteen inches, according to the 
distance of the window or the candle from the glass. 

If the lens A B, fig. 9, on which parallel rays are repre- 
tented as felling, were a plano-convex^ as represented at A, 
fig. 5, the rays would converge to a point P, at double the 
ladius, or the whole diameter of the sphere of which it is a 
segment. If the thickness of a plano-convex be considered, 
and if it be exposed on its convex side to parallel rays, as those 
of the sun, the focus will be at the distance of twice the radiw. 

Vol. IX. 6 
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wanting two'thirds of the thickness of ike h[U. But if the 

same lens be exposed with its plane side to parallel rays, the 
focus will then be precisely at the distance ei twice the radius 
from the glass. 

The e&cts of concave lenses are directly opposite to those 
of conyez. Parallel rays, striking one of those glasses, 
instead of converging towards a point, are made to diverge. 
Rays abready divergent are rendered more so, and convergent 
rays are made less convergent. Henoe objects seen through 
concave glasses appear considerably smaller and more distant 
than they really are. The following diagram, fig. 12, repre- 
sents the course of parallel rays through a double concave 
lens, where the pwrallel rays T A, D E, I B, &c., when pass- 
ing through the concave glass A B, diverge into the rays G L, 
E C, H P, &c., as if they proceeded from F, a point before 
the lens, which is the pnncipal focus of the lens : 

FigunlX 




The principal focal distance, E F, is the same as in convex 
lenses. Concave dasses are used to correct the imperfect 
vision of short-signted persons. As the form of the eye of 
such persons is too convex, the rays ^re made to converge 
before they reach the optic nerve ; and therefore a concave 
glass, causing a little divergency, assists this defect of vision, 
by diminishing the effect produced by the too great convexity 
of the eye, and lengthening its focus. These glasses are 
seldom used, in modem times, in the construction of optical 
instruments, except as eye-glasses for small pocket perspec- 
tives, and opera-glasses. 

To find the focal distance of a concave glass. Take a 
piece of pasteboard or card paper, and cut a round hole in it, 
not larger than the diameter of the lens; and on another 
piece of pasteboard describe a circle whose diameter is just 
double the diameter of the hole. Then apply the piece with 
the hole in it to the lens, and hold them in the sunbeams, 
with the other piece at such a distance behind that the light 
proceeding from the hole may spread or diverge so as. pre- 
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cisely to fill the circle ; then the distance of the circle fjpom 
the lens is equal to its virtual focus, or to its radius, if it he a 
douhle concave, and to its diameter, if a plano-ccmcave. Let 
d, c, (fig. 12,) represent the diameter of the hole, and g, f, 
the diameter of the circle, then the distance C, I, is the vir- 
tual focus of the lens.* 

The meniscus, represented at E, fig, 6, is like the crystal 
of a common watch, and, as the convexity is the same as the 
concavity, it neither magnifies lior diminishes. Sometimes, 
however, it is made in the form of a crescent, as at F, fig. 6, 
and is called ^ concavO'Convex lens ; and, when the convexity 
is greater than the concavity, or when it is thickest in the 
middle, it acts nearly fn the same way as a douhle or plano- 
convex lens of the same focal distance. 

Of the Images formed by Convex Lenses. 

It is aremarkahle circumstance, and which would naturally 
excite admiration, were it not so common and well known, 
that when the rays of light from any object are refracted 
through a convex lens, they paint a distinct and accurate 
picture of the object before it, in all its colours, shades, and 
proportions. Previous to experience, we could have had no 
conception that light, when passing through such substances, 
and converging to a point, could have produced so admirable 
an efiect — an effect on which the construction and utility of 
all our optical instruments depend. The following figure 
will illustrate this position : 

Let L N represent a double convex lens, A, C, a its axis, 
and O B an object perpendicular to it. A ray passing from 
the extremity of tie object at O, after being refracted by the 
lens at F, will pass on in the direction F I, and form an image 
of that part of the object at I. This rav will be the axis of all 
the rays which fall on the lens from the point O, and I will 
he the focus where thay will all be collected. In like man- 
ner, B C M is the axis of that parcel of rays which proceed 
from the extremity of the object B, and their focus will be at 
M ; and since all the points in the object between O and B 
must necessarily have their foci between I and M, a complete 

* This mode of finding the focus of a concave lens may be varied as 
^ollows : Let the lens be covered with paper, having two small circular 
boles ; and, on the paper for receiving tne light, describe also two small 
circles, but with their centres at twice the distance from each other of 
the centres of the circles. Then move the paper to and from, till the 
middle of the sun's light, coming* through the holes, falls exactly on tho 
middle of the circles : that distance of tfi paper from the lens will be tb« 
focal length required. 
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FiguniB, 




picture of jhe points from which they come will be depicted) 
and consequently an image of the whole object O B. 

It is obvious, from the figfure, that the image of the object 
is formed in the focus of the lens in an inverted position. 
It must necessarily be in this position, as the rays cross at C, 
the centre of the lens ; and as it is impossible that the lays 
from the upper part oif the object, O, can be carried by re- 
fraction to the upper end of the image at M. This is a uni- 
versal principle in relation to convex lenses of every descrip- 
tion, and requires to be attended to in the construction and 
use of all kinds of telescopes and microscopes. It is easily 
illustrated by experiment. Take a convex lens of eight, 
twelve, or fiAeen inches focal distance, such as a reading 
glass, or the glass belonging to a pair of spectacles, and 
holding it, at its focal distance from a white wall, in a line 
with a burning candle, the flame of the handle will be seen 
depicted on the wall in an inverted position, or turned upside 
down. The same experiment may be performed with a win- 
dow-sash, or any other bright object. But the most beautiful 
exhibition of the images of objects formed by ccmvex lenses is 
made by darkening a room, and placing a convex lens of a long 
focal distance in a nole cut out of the window-shutter; when a 
beautiful inverted landscape, or picture of all the objects before 
the window, will be painted on a white paper or screen placed 
in the focus of the glass. The image thus formed exhibits 
not only the proportions and colours, but also the motions of 
all the objects opposite the lens, forming, as it were, a living 
landscape. This property of lenses lays the foundation of the 
camera obscura, an instrument to be afterward described. 

The following principles in relation to images formed by 
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convex lenses may be stated: 1. 'Hiat the image subtends 
the same angle at the centre of the glass as the object itself 
does. Were an eye placed at C, the centre of the lens L N, 
fig. 13, it would see the object O B and the image I M un- 
der the same optical angle, or in other words, they would ap* 
pear equally large ; for, whenever right lines intersect each 
other, as O I and B M, the opposite angles are always equal, 
that is, the ang^e M C I is eaual to the angle O C B. 2. The 
length of the image formed by a convex lens is, to the ItngtK 
of the object, as the distance of the image is to the distance 
of the object from the lens; that is, M I is to O B as C a 
to C A. Suppose the distance of the object C A from the 
lens to be forty-eight inches, the length of the object O B=« 
sixteen inches, and the distance of the image from the lens 
six inches, then the length of the image will be found by the 
following proportion, 48 : 16 : : 6 ; 2, that is, the length of the 
image, in such a case, is two inches. 3. If the object be at 
an infinite distance, the image will be formed exactly in the 
focus. 4. Iff the Meet be at the same distance from the 
lens as its focus, the image is removed to an infinite dis' 
tcmce on the opposite side; in other words, the rays will pro- 
ceed in ^parallel direction. On this principle, Isunps on the 
streets are sometimes directed to throw a bright light along 
a footpath where it is wanted, when a large convex glass is 
placed at its focal distance from the burner ; and on the same 
principle, light is thrown to a great distance from li^rhthouses, 
either by a very large convex lens of a short focal distance, 
or by a concave reflector. 6. If the object be at double the 
distance of the focus from the glass, the image will also be 
at double the distance of the focus from the glass. Thus, 
if a lens of six inches focal distance be held at twelve inches' 
distance from a candle, the image of the candle will be formed 
at twelve inches from the glass on the other side. 6. If the 
object be a little farther from the lens than its focal distance, 
an image will be formed at a distance from the object, which 
wUl be greater or smaller in proportion to the distance. 
For example, if a lens five inches focus be held at a little 
more than five inches from a candle, and a wail or screen at 
^Ye feet six inches distant receive the image, a large and in- 
verted image of the candle will be depicted, which will be 
magnified in proportion as the distance of the wall from the 
candle exceeds the distance of the' lens from the candle. 
Suppose the distance of the lens to be five and a half inches, 
then the distance of the wall where the image is formed, be- 
ing twelve times greater, the image of the candle will oe 

6* 



66 BBFLSCnONS ON THE LAWS OV SEFBAXmON. 

magnified twelve times. If M I (fif . IS) be considered as 
the object, then O B will represent the magnified image on 
the wall. On this principle, the image of the object is formed 
by the small object glass of a compound microscope. On the 
same principle, the large pictures are fc^rmed by the Magic 
Lantern and the Phantasmagoria ; and in the same way small 
objects are represented in a mac^nified (orm on a sheet or 'vrall 
by the Solar microscope. 7. Ml convex lensei magnify thif 
objects seen through tbem^ in a greater or less deffree^ The 
shorter the focal distance of the Tens, the greater is the mag- 
nifying power. A lens four inches focal distance will mag- 
nify m)jects placed in the focus two times in length and 
br^eulth ; a lens two inches focus will magnify four times ; a 
lens one inch focus eight times ; a lens half an inch focus 
sixteen times, dbc, supposinc^ eight inches to be the least dis- 
tance at which we see near objects distinctly. In viewing ob- 
jects with small lenses, the object to be magnified should be 
placed exactly at the focal distance of the lens, and the eye at 
about the same distance on the other side of the lens. When 
we speak of magnifying power, as, for example, that a lens one 
inch local distance magnifies objects eiffht times, it is to be under- 
stood of the lineal dimensions of the object. But as every object 
at which we look has breadth as well as length, the surface of 
the object is in reality magnified sixty-four times, or the square 
of its lineal dimensions ; and for the same reason a lens half an 
inch focal distance magnifies the surfaces of objects 256 times. 

Reflections deduced from the preceding Subject. 
Such are some of the leading principles which require to 
be recognised in the construction of refracting telescopes, 
microscopes, and other dioptric instruments whose performance 
chiefly depends on the refraction of light. It is worthy of 
particular notice, that all the phenomena of optical lenses now 
described depend upon that peculiar property which the 
Creator has impressed upon the rays of fight, that, when they 
are refracted to a focus by a convex transparent substance, 
they depict an accurate image of the objects whence they 
proceed. This, however common, and however much overlooked 
by the bulk of mankind, is, indeed, a very wonderful property 
vith which hght has been endued. Previous to experience, 
we couJd have had no conception that such an eflfect would be 
produced ; and, in the first instance, we could not possibly have 
traced it to all its conseq^uences. All the objects in creation 
might have been illuminated as they now are, for aught we 
know, without sending forth either direct or reflected rays unth 
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the property of forming ixact repr€$ent(Uion9, qf the objectB 
whence thet/ proceed. But this we find to be a universal law in 
regard to light of every description, whether as emanating di- 
rectly from the sun, or as reflected from the objects he illumi- 
nates, or as proceeding from bodies artificiajly enlightened. It in 
a law or a property of light not only in our own system, but 
throughout all the systems of the universe to which mortal 
eyes have yet. penetrated. The rayB from the most distant 
star wluch astronomers have described are endued with this 
property, otherwise they could never have been perceived 
by means of our optical instruments ; for it is by the pictures 
or images formed ia these instruments that such distant ob- 
jects are br<M]ght to view. Without this property of light, 
theref<nre, we should have had no telescopes, and, conse- 
quently, we could not have surveyed, as we gblb now do, the 
hilk and yaks, the deep caverns, the extensive plains, the 
drcular ranges^^ of mountains, and many other novel scenes 
which diversify the siafape of our moon. We should have 
known nothing of the stupendous spots which appear on the 
surface of the sun-— of the phases of Venus— of the satellites 
and b^ts of Jupiter-— of die majestic rings of Saturn-— of the 
existence of Uranus and his six moons, or of the placets Vesta, 
Juno, Ceres, and Pallas, nor could the exact bidks of any of 
these bodies have been accurately determraed. But, above 
all, we should, have been entirely ignc^rant of the wonderful 
phenomena of double stars— which demonstrate that suns re- 
volve around suns^— of the thousands and miUions of stars 
which crowd the profundities of the Milky Way and other 
regions of the heavens— of the thousands of nebulsB or starry 
systems which are dispersed throughout the immensity of 
the firmament, and many other objects of sublimity ana 
grandeur, which fill the contemplative mind with adnuration 
and awe, and raise its faculties to higher conqeptions than it 
could otherwise have formed of the omnipotence and grandeur 
of the Almighty Creator. 

Without this property o( the rays of light we should, like- 
wise, haye wanted the use of the microscope, an instrument 
which has disclosed a world invisible to common eyes, and 
has q)ened to our Yiew the most astonishing exhibitions of 
Divine mechanism, and of the wisdom and inteUigence of the 
Eternal Mind. We should have been ignorant of those tribes 
of hving beings, invisible to the unassisted eye, which are 
found in water, vinegar, and many other fluids, many of which 
are twenty thousand times smaller than the least visible 
point, and yei display the same admirable skill and oontriv- 
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aiice in their construction as are manifested in the formaticm 
of the larger animals. We should never have beheld the 
purple tide of h'fe, and even the globules of the blood rolling 
with swiftness through veins and arteries smaller than the 
finest hair ; or had the least conception that numberless 
species of am'mated beings, so minute that a million of them 
are less than a grain of sand, could have been rendered visi- 
ble to human eyes, or that such a number of vessels^ fluids, 
movements, diversified organs of sensation, and such a pro- 
fusion of the richest ornaments and the gayest colours could 
have been concentrated in a sin^ point. We should never 
have conceived that even the atmosphere is replenished with 
invisible animation, that the waters abound with countless 
myriads of sensitive existence, that the whole earth is full of 
life, and that there is scarcely a tree, plant, or flower but 
aflbrds food and shelter to a species of inhabitants peculiar to 
itself, which enjoy the pleasures of existence and share in 
the bounty of the Creator. We could have formed no con- 
ception of the beauties and tlie varieties of mechanism which 
are displayed in the scenery of that invisible worid to which 
the microscope introduces us — beauties and varieties, in point 
of ornament and delicate contrivance, which even surpass 
what is beheld in the visible operations and aspect of nature 
around us. We find joints, muscles, a heart, stomach, en- 
trails, veins, arteries, a variety of motions, a diversity of forms, 
and a muhiplicity of parts and functions in breathing atoms. 
We behold in a small fibre of a peacock's feather, not more 
than one-eighth of an inch in length, a* profusion of beauties 
no less admirable than is presented by the whole feather to 
the naked eye, a stem sending out multitudes of lateral 
branches, each of which emits a number of little sprigs, which 
consist of a multitude of Iwright shining globular parts, adorn- 
ed with a rich variety of colours. In the secticms of plants, 
we see thousands and ten thousands of tubes and pores, and 
other vessels for the conveyance of air and juices for the sus- 
tenance of the plant ; in some instances, more than ten hun- 
dred thousand of these being conipressed within the space of 
a quarter of an inch in diameter, and presenting to the eye 
the most beautiful configurations. There 'is not a weed, nor 
a moss, nor the most insignificant vegetable, which does not 
show a muhiplicity of vessels disposed in the most curious 
manner for the circulation of sap for its nourishment, and. 
which is not adorned with innumerable graces for its embel- 
lishment. AH these and ten . thousands 4>( other wonders 
wh'ch lie beyond the limits of natural visicHi, in thjs new 
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and unexploTed legion of the universe, would have been 
for ever concealed from our view, had not the Creator endued 
the rays of light with the power of depicting the images of 
objectij when refracted by convex transparent substances. 

In this instance, ^ well as in many others, we behold a 
specimen of the admirable and diversified effects which the 
Creator can produce from the agenqy of a single principle in 
oatuce* By means of optical instruments, we are now enabled^ 
to take a more minute and expansive view of the amazing 
operati(»i8 of nature, both in heaven and oxi earth, than former 
generations could have surmised. These views tend to raise 
our conceptions of the attiibutes of that Almighty Being who 
presides over all the arrangements of the material system, 
and to present them to our contemplation in a new, a more 
^vated, a^id expansive point of view. The^e is, therefore, 
a connection which may be traced between the apparently ac^ 
cidentai principle of the rays (flight forming images of objects, 
and the ccmiprehensive views we are now enabled to take (^ 
the character and perfecticms of the Divinity. Without the 
existence of the law or principle alluded to, we could not, in 
the present state, have formed precisely the same concep- 
tions either of the Omnipotence, w of the wisdom and intel- 
hgeoce of the Almighty, Had no microscope ever been in- 
ventedy the idea never could have entered into the mind oi 
man that worlds of living beings exist beyond Uie range of 
natural vision ; that organized beings, possessed of animation, 
exist, whose whole bulk is less than the ten hundred thou- 
sandth part oi the smallest grain of sand ; that, descending 
from a visible point to thousands of degrees beyond it, an in- 
visible world exists, peopled with tribes of every form and 
size, the extent- of which, and how far it verges towards in- 
finity downward, mortals have never yet explored, and per- 
haps will never be able.tQ comprehend. This circumstance 
alcme presents before us the perfections of the Divinity in a 
new aspect, and plainly intimates that it is the tHU and the 
intenti(4i. oi the Deity that we should explore his works, and 
investigate the laws by which the material world is regulated, 
that we may acquire more expansive views of his charactei 
and operations* The inventions of man, in relation to art and 
science, are not, therefore, to be considered as mere acciden- 
tal occurrences, but as special arrangements in the Divine 
government, for the purpose of carrying forward the human 
mind to more clear and ample views of the scenes of the imi- 
verse, and of the attributes and the agency of Him ** who is 
wonderful in counsel and excellent in working*" 
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CHAPTER IV. 

ON THE REFLECTION OF LIGHT. 

The reflection of the rajrs of liffht is that property by which, 
after approaching^ the surfaces of bodies, they are thrown back, 
or repelled. It is in consequence of this property that all the 
objects around us, and all the diversified landscapes on our 
globe, are rendered visible. It is by light reflected from their 
surfaces that we perceive the planetary bodies and their sa- 
tellites, the behs of Jupiter, the rings of Saturn, the various 
objects which diversify the surface of the Moon, and all the 
bodies in the universe which have no light of their own. 
When the rays of light fall upon rough and uneven surfaces, 
they are reflected very irregularly, and scattered in all direc* 
tions, in consequence of which thousands of eyes, at the same 
time, may perceive the same objects, in all their pecuhar co* 
lours, aspects, and relations. But when they fall upon cer- 
tain smooth and polished surfaces, they are reflected with re- 
gularity, and according to certain laws. Such surfaces, when 
highly polished, are called M%rroT» or Speculums ; and it 
is to the reflection of light from such surfaces', and the eflects 
it produces, that I am now to direct the attention of the 
reader. 

Mirrors, or specula, may be distinguished into three kinds, 
plane, concave, and convex, according as they are bounded 
oy plane or spherical surfaces. These are made either of 
metal or oi glass, and have their surfaces highly polished for 
the purpose of reflecting the greatest number of rays. Those 
made of ^lass are foliated or quicksilvered on one side ; and 
the metaluc specula are generally formed of a composition 
of different metaUic substances, which, when accurately po- 
lished, is found to reflect the greatest quantity of light. I 
shall, in the first place, illustrate the phenomena of reflection 
produced Ky plane mirrors. 

When light impinges, or falls upon a polished flat surface, 
rather more than the half of it is reflected, or thrown back in 
a direction similar to that of its approach ; that is to say, if it 
fall pernendictdarly on the polished surface, it will be perpen- 
dicularly reflected ; but if it fall obliquely, it will be reflected 
with the same obliquity. Hence, the following fundamental 
law regarding the reflection of light has been deduced both 
from experiment and mathematic^al demcmstration, namely, 
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that the ongk ijfrefleeiUni isi in all caaea, exaeiiy equal to 
the angle y incidence. This is a law which is universal in 
all cases of reflecticm, whether it be from plane or spherical 
sar&ces, or whether Uiese surfiEices be ccmcaye or conyex^ and 
which requires to be recognised in the ccmstruction of all in- 
struments whidi depend oa the reflection of the rays of light* 
The following fgure (fig. 14) will illustrate the position now 




Let A B represent a plane mirror, and C D a line or ray of 
fight perpendicular to it. Let F D represent the incident ray 
from any object, then D E will be the reflected ray, thrown 
back in the direction from D to E, and it will make, with the 
perpendicular C D, the same angle which the incident ray 
F D did with the same perpendicular ; that is, the ancle F D 
C will be equal to the angle EDC, in all cases of obliquity. 
The incident ray of light may be considered as rebounding 
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fiom. t)i6 minory ljk6 ti tennis ImiH from ti nisiUd ptLvemetAf 
or the wall of a coart. 

In viewing objects by reflectiony we see ftem in a difierent 
direction from that in which they really are, namely, ahmg 
the line m which the ra;^8€ii»ie to US last. Thfis, if AB(fig. 
15) represent a plane mirror^ the linage of an ^jeet, C, ap 
pears to the eye at £, behind the i^irroTt in the direction E G» 
and always in the intersection Q of the perpendicular C G, 
and the reflected ray EG; and, consequently, at G as fin 
behind the mirror as the object C is before it. We therefore^ 
see the image in the line E Qf the directicm in which the re^ 
fleeted rays proceed. A plane mirror does not alter the figure 
or size of objects ; but the whole image is equal and similar 
to the whole object, and has a like situation with respect to 
one side of the plane, that the object has with respect to the 
other. 

Mr. Walker illustrates the manner in which we see our 
faces in a mirror by the following figure (16.) ab repre- 




sents a mirror, and oca person looking into it. If we con- 
ceive a ray proceeding from the forehead o b, it will be sent 
to the eye at o, agreeably to the angle of incidence and reflec- 
tion. But the mind puts o b o mto one line, and the 
forehead is seen at H,as if the lines ob o had turned on a 
hinge at e. It seems a wonderful faculty of the mind to put 
the two oblique lines c e and o e into one straight line o h* 
yet it is seen every time we look at a mirror. For the ray 
has really travelled from c to b, and from B to o, and it is 
that journey which determines the distance of the object ; 
and nence we see ourselves as far beyond the mirror as we 
stand from it Though a ray is here taken only from one 
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part of the face, it may be easily conceived tliat rays from 
every other part of the face must produce a similar efiect. 

In every plane mirror the image is always equal to the ob- 
ject, at what distance soever it may be placed ; and, as the 
mirror is only at half the distance of the image from the eye, 
itwiJl completely receive an image of ttoice its own length. 
Hence, a man six feet high may' view himself completely in 
a iooking-glass of three feet m length and half his own 
breadth ; and this will be the case at whaterer distance he 
may stand from the g^aas. Thus, thetnan A C (fig. 17) will 

Figure 17. 




see the whole of his x)wn image in the glass a b, which is but 
oDe half as large as himself. The rays from the head pass 
to the mirror in the line A a, perpendicular to the mirror, and 
are returned to the eye in the same line ; consequently, hav- 
ing travelled twice tlie length A a, the man must see his head 
at B. From his feet, C, rays will be seqt to the bottom of 
the mirror, at b ; these will be reflected at an equal an^le to 
the eye in the direction b A, as if they had proceeded in the 
direction D b A^ so that the man will see his foot at D, and, 
consequently, his whole figure at B D. 

A person, when lookin? into a mirror, will always see his 
own image as far beyond the mirror as he is before it ; and 
as he moves to or from it, the image will, at the same time, 
move towards or from him on the other side, but apparently 
with a double velocity, because the two motions are equal 
and contrary. In like manner, if, while the spectator is at 
rest, an object be in motion, its image behind the mirror will 
be seen to move at the same time. And if the spectator 
moves, the images of objects that are at rest will appear to 
approach or recede from him, after the same manner as when 
he moves towards real objects; plane mirrors reflecting not 
only the object, but the distance also, and that exactly m its; 
natoral dinlensions. The following principle is sufllcient fcr 

Vol. IX. 7 
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expkimng most of the phenomena seen in a plane mirrori 
namely ; That the image of an object seen in a plane mirror 
is always in a perpendicular to the mirror joinrng the object 
and the image^ and that the image is as much on one side 
the mirror as the object is on the other. 

Beflection by Convex and Concave Mirrors. 

Both conrez and concaare mirrors are formed of porticms of 
a. sphere. Aooarex speeuliim is ground and polished in a 
concaivt dish or todi which is a pi^oB of a sphere* and a 
concave speculum is ground upon a convex tool. The inner 
surface of a sphere hnngs parallel mys to a focus at one fourth 
of its diameter, as represented in the following figure, where 

JPffwraia 




u is the centre of the sphere on which the concave speculum 
A B is formed, and F the focus where parallel rays from a 
distant object would be united after reflection, that is, at one 
lialf the radius, or one fourth of the diameter from the surface 
if the speculum. Were a speculum of this kind presented 
to the sun, P would be the point where the reflected rayf 
would be converged to a focus, and set fire to combustiblt 
substances if the speculum be of a lar^e diameter, and of a 
short focal distance. Were a candle pkced in that focus;, in 
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light would be reflected parallel, as represented in the figure. 
These are properties of concave specula which require to bo 
particularly attended to in the construction of reflecting tele- 
scopes. It follows, from what has been now stated, that, if we 
intend to form a speculum of a certain focal distance, for ex- 
ample, two feet, it is necessary that it should be ground upon 
a tool whose radius i$ double that distance^ or four feet. 

Properties of Convex JUirror$. 

From a convex surface, parallel rays, when reflected, are 
made to diverge : convergent rays are reflected less conver- 
gent ; and divergent rays are rendered more divergent. It 
18 the nature of all convex mirrors and surfaces to scatter or 
disperse the rays of liffht, and in every instance to impede 
their convergence. Tne following figure shows the course 
of parallel rays as reflected from a convex mirror. A E B 
is the convex surface of the mirror, and K A, I E, L B par- 
allel rays falling upon it. These rays, when they strike the 
mirror, are made to diverge in the direction A Q, B H, &c„ 
and both the parallel and divergent rays are here represented 
as they appear in a dark chamber when a convex mirror is 
presented to the solar rays. The dotted lines denote only 
the course or tendency of the reflected rays towards the vir- 
tual focus F, were they not intercepted by the mirror. This 
virtual focus is just equal to half the radius C E« 

Figurel9, 
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The following are some of the properties of convex mir- 
rors : 1. The image appears always erect^ and behind the 
reflecting surface. 2. The image is always smaller than the 
object^ and the diminution is greater in proportion as the 
object is farther from the mirror ; but if the object touch the 
mirror, thu image at the point of contact ia of the same size 
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as the object. 2. The image does not appear so far behind 
the reflecting surface as in a plane mirror. 4. The image 
of a straight object, placed either parallel or oblique to the 
mirror, is seen curved in the mirror, because the difierent 
points of the object are not all at an equal distance from the 
surface of the mirror. 5. Ccaicare mirrors haye a real focus 
where an image is actuaUy formed ; but convex specula have 
only a tn'r/ua/focus, and this focus is behind the mirror, no 
iihaffe of any object being fbrmed before it. 

The following are some of the purposes to which convex 
mirrors are applied: They are freauently employed by 
painters for reducing the proportions of the objects they wish 
to represent, as the images of objects diminish in proportion 
to the smallness of the radius of convexity, and to the dis- 
tances of objects from the surface of the mirror. They form 
a &shionable part of modem furniture, as they exhibit a large 
company assembled in a room, with all the furniture it con- 
tains, in a very small compass, so that a large hall, with all 
its objects, and even an extensive landscape, being reduced 
in size, may be seen from one point of view* They are like- 
wise used as the small specula of those reflecting telescopes 
which are fitted up on the Cassegrainian plan, and in the 
construction of Smith's Reflecting Microscope. But, on th6 
whole, they are very little used in the construction of optical 
instruments. 

Properties of Concave Speculums, 

Concave specula have properties very diflferent from those 
whi<;h are convex ; they are of more importance in the con- 
struction of reflecting telescopes and other optical instruments, 
and therefore require more minute description and illustra- 
tion. Concave mirrws cause parallel rays to converge ; they 
increase the convergence of rays that arealready converging; 
they diminish thp diveigence of diverging rays, and in scnne 
cases render them parallel, and even convergent; which 
eflects are all in proportion to the concavity of the mirror. 
The following figures show the course of diverging and par- 
allel rays as reflected frcwn concave mirrors. 

Fig. 20 represents the course oi parallel rays, and A B the 
concave mirror on which they fell. In this case, they are re- 
flected so as to unite at F, which point is distant from its sur- 
face one-fourth of the diameter of the sphere of the mirror. 
This point is called the focus of parallel rays, or the true 
foctu of the mirror ; and, since the sunbeams are parallel 
among themjselves, if they are received on a concave mirror, 
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they will all be reflected to that point, and there bum in pro» 
{xntion to the quantity of rays collected by the mirror. Figf. 31 
ihowa the dUiectioa ^ diverging niys, or thote vMcix proceed 
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from a near object. These rays proceeding from an object 
&rther from the mirror than the true focal point, as from D 
to A and to B, are reflected converging, and meet at a point 
V, farther from the mirror than me focal point of parallel 
rays. If the distance of the mdiant, or object D, be equal to 
the radius C E, then will the focal distance be h'kewise equal 
to the radius ; that is, if an ojbject be placed in the centre <^ a 
concave speculum, the image will be reflected upon the 
object, or they will seem to meet and embrace each other in. 
the centre. ' If the distance of the radiant be equal to half the 
iadius, its image will be reflected to an infinite distance, fbt 

7* 
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the myn will then be parallel. If, therefore, a luminous body 
be placed at half the radius from a concaye speculum, it wi& 
enlighten places directly before it at neat distances. Hence 
their use when placed behind a candle in a common lantern ; 
hence their utility in throwing li^ht upon objects in the 
Magic Lantern and Phantasmagoria; and hence the vast 
importance of very large minois of this description, as now 
used in most of our lighthouses, for throwing a orilliant light 
to great distances at sea, to guide the mariner when directs 
inghis course under the cloud of night. 

When converging rays fall up<Mi a concave mirror, they 
are reflected more converging, and unite at a point between 
the focus of parallel rays and the mirror ; that is, nearer the 
mirror than one-half the radius ; and their precise degree (^ 
convergency will be greater than that wherein they con- 
verged before reflection. 

Cfthe Images formed by Concave Mirrors. 

If rays proceeding from a distant object ikll upon a concave 
speculum, they will paint an image or representation of the 
object on its focus before the mirror. Tnis image will be 
inverted, because the rays cress at the points where the image 
is formed. We have already seen that a convex glass forms 
an image of an object behind it ; the rays of light from objects 
pa§» through the glass, and the picture is formed on the side 
farthest from the object. But in concave mirrors the images 
of distant objects — and of all objects that are farther from its 
sur&ce than its principal focus-^re formed btfore the mir- 
ror, or on the same side ks the object. In almost every other 
respect, however, the eflect of a concave mirror is the same 
as that of a convex lens, in regard to the formation of images, 
and the course pursued by the rays of light, except that the 
eflect is produced in the one case by refraction, and in the 
other by reflection. The following figure represents the 
manner in which images are formed by concave mirrors: 
Q F represents the reflecting surface of the mirror ; O A B, 
the object; and I a M the image formed by the mirror. The 
rays proceeding from O will be carried to the mirror in the 
direction O G, and according to the law that the angle of in- 
cidence is equal to the angle of reflection, will be reflected to 
I in the direction G I. In like manner, the rays from B will 
be reflected from F to M, the rays from A will be reflected to 
A, and so of all the intermediate rays, so that an inverted 
image of the object O B will be formed at I M. If the rays 
proceeded from (A>jects at a very great distance, the image. 



DIAeBS FOBMSB BT CONOiVB MIEKOI^. 79 




woold be formed in the real focus of the mirror, or at one- 
foarth the diameter of the sphere from its surface ; but near 
objects, which send forth diverging rays, will have their 

TBS formed a little farther from the surface of the mirror, 
we suppose a real object placed at I M, then O B will 
isepresent its magnified image, which will be larger than the 
otject in proportion to its distance from the mirror. This may- 
be experimentally illustrated by a concave mirror and a candle. 
Suppose a concave mirror whose focal distance is five inches, 
and that a candle is placed before it at a Httle beyond its focus, 
(as at I M ,) suppose at five and a half inches, and that a wall 
or white screen receives the image, at the distance of five feet 
six inches from the mirror, an image of the candle will be 
fonnied on the wall which will be twelve times longei^ and 
broader than the candle itself. In this way concave mirrors 
may be made to magnify the images of objects to an indefi- 
nite extent. This experiment is an exact counterpart of what 
is effected in similar circumstanced by a convex lens, as de- 
scribed p. 66 : the mirror performing the same thing by re- 
flection as the lens did by refraction. 

From what has been stated in relation to concave mirrors, 
it will be easily understood how they make such powerful 
burning-glasses. Suppose the focal distance of a concave 
mirror to be twelve inches, and its diameter or breadth twelve 
inches. When the sun's rays fall on such a mirror, they, 
form an image of the sun at the focal point, who&e diameter 
ia found to be al out one-tenth of an inch. All the rays which 
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fall upon the mirror are converged into this small point, and, 
consequently, their intensity is in proportion as the square of 
the surface of the mirror is to the square of the image. The 
squares of these diameters are as 14,400 to 1, and, conse- 
aucntly, the density of the sun*s rays, in the focus, is to their 
aensity on the surmce of the mirror as 14,400 to 1. That is, 
the heat of the solar rays in the focus of such a mirror will be 
fourteen thousand four hundred times greater than before ; a 
heat which is capable of producing very powerful eflects in 
melting and setting fire to substances of almost every descrip- 
tion. 

Were we desirous of forming an image by a concave spe- 
culum which shall be exactly equal to the object, the object 
must be placed exactly in the centre ; and, by an experiment 
of this kind, the centre of the concavity of a mirror may be 
found. 

In the cases now stated, the images of objects are all formed 
in the front of the mirror, or between^ it and the object. But 
there is a case in which the image is formed behind the miN 
This happens when the object is placed between the 
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mirror and the focus of parallel rays, and then the image is 
larger than the object. In fig. 23, G F is a concave mirror, 
whose focus of parallel rays is at E. If an, object O B be 
placed a little within this focus, as at A, a large image I M 
will de seen behind the mirror, somewhat curved and erect, 
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which will be seen by an eye looking directly into the front 
of the mirror. Here the image appears at a greater distance 
behind the mirror than the object is before it, and the object 
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appears magnified in proportion to its distance from the focns 
and the mirror. If the mirror be one inch focal distance, and 
the object be placed eight-tenths of an inch from its surface, 
the image would be five times as large as the object in length 
and breadth, and, consequently, twenty-five times larger in 
surface. In this way small objects may be magnified by re- 
flection, as such objects are magnified by refraction, in the 
case of deep convex lenses. When such mirrors are large, 
for example six inches diameter,, and eight or ten inches focal 
distance, they exhibit the human face as of an enormous bulk. 
This is illustrated by the following figure : Let c n, fig. 34, 
represent the surface of a concave mirror, and A a hmnan 
fiice lookinfi; • into it, the face will appear magnified as repre- 
sented by the image behind the mirror, d q. Suppose a ray, 
A c, proceeding frwn the forehead, and another, m n, from the 
chin ; these rays are reflected to the person's eye at o, which, 
consequently, sees the image of the lines of reflection o d, o 
Q, and in the angle d o q, and, consequently, magnified much 
beyond the natural size, and at a small distance behind the 
mirror. 

Figur$ 2i. 




If we suppose the side t u to represent a convex mirror, and 
the figure d q a head of an ordinary size, then the figure A 
will represent the diminished appearance which a person's face 
exhibits when viewed in such a mirror. It will not only appear 
reduce^, but somewhat distorted ; because, from the form of 
the mirror, one part of the object is nearer to it than another 
and, consequent^, wiH be reflected under a different angle 
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The effect we liave now mentioned as produced by concave 
mirrors will only take place when the eye is nearer the mir- 
ror than its principal focus. If the spectator retire beyond 
this focus— suppose to the distance of five or six feet-^he "will 
not see the image behind the mirror, but he will see his image 
in a diminished form, hanging upside down, and suspended 
in the air, in a line between his eye and the mirror. In this 
case, his image is formed before the mirror, as represented at 
I M, fig. 22. In this situation, if you hold out your hand 
towards the mirror, the hand of the image will come out to- 
wards your hand, and, when at the centre oi concavity, it will 
be of an equal size with it, and you may shake hands with 
this aerial image. If you move your hand farther, you will 
find the hand of the image pass by your hand, and come be- 
tween it and your body. If you move your hand toward^ 
either side, the hand of the image will move towards the other 
side ; the image moving always in a contrary direction to the 
object. All this while the by-standers, if any, see nothing 
of the image, because none of the reflected rays that form it 
cdn enter their eyes. The fdlowing figure represents a phe- 
nomenon produced in the same manner, a b is a concave 
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mirror of a large size ; c represents a hand presented before 
the mirror, at a point farther distant than its focus. In this 
case an inverted image of the hand is formed, which is seen 
hanging in the air at a m. The rays c and n go diver^g 
from the two opposite points of the object, and by the acticn 
of the Tnirrc*, they are again made to converge to points at o 
and 8, where they cross, form an image, and again proceed 
divergent to the eye.* 

* Small glass mirrors for ])erfomiiiig some of the experiments, and fl- 
lostrating some of the principles above alluded to, may be made of the 
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In consequence of the properties of concave mirrors now 
described, many curious experiments and optical deceptions 
liave been exhibited. The appearance of images in the air, 
suspended between the mirror and the object, have some: 
times been displayed with such dexterity, and an air of 
mystery, as to have struck with astonishment those who 
were ignorant of the cause. In this way birds, flying angels, 
spectres, and other objects have been exhibited ; and when 
the hand attempts to lay hold on them, it finds them to be 
nothing, and they seem to vanish into air. An apple or a 
beautiful flower is presented, and when a spectator attempts 
to touch it, it instantly vanishes, and a death's head immedi- 
ately appears, and seems to snap at his fingers. A person 
with a drawn sword appears before him, in an attitude as if 
about to run him through, or one terrific phantom starts ap 
after another, or sometimes the resemblances of deceased per- 
sons are made to appear, as if, by the art of conjuration, they 
bad been forced to return from the world of spirits. In all 
such exhibitions a very large concave mirror is requisite, a 
brilliant light must be thrown upon the ojbjects, and every 
arrangement is made, by means of partitions, &c., to prevent 
either the b'ght, the mirror, or the object from being seen by 
the spectators. The following representation (fig. 2i6) shows 
one of the methods by which this is effected : a is a large 
cwicave mirror, either of metal or glass, placed on the back 
part of a dark box; d is the performer, concealed from the 
spetctators by the cross partition c ; e is a strong Kght, which 
is likewise concealed by the partition i, which is thrown upon 
the actor d, or upon any thing he may hold in his hand. If 
he hold a book, as represented in the figure, the Hght reflected 
from it will pass between the partitions o and i to the mirror, 
and will be reflected from thence to 2, where the image ^f the 
bode will appear so distinct and tangible, that a spectator look- 
ing through the opening at x will imagine that it is in his 
power to take hold of it. In like manner, the person situated 
at n may exhibit his own head or body, a portrait, a painting, 
a spectre, a landscape, or any object or device which, he can 
strongly illuminate. 

flattest kind of common watdi-glasses, by foliating or covering with tia 
WW aod quickailver tiie convex suriacee of sachgiMefl^ Their focal dis-^ 
tancea wiU. generally be from one to two inches. Such mirrors afford a 
jery large and beautiful view of the eye. when held within their focal 
Jatance of that organ. Such mirrora will also serve the purpose of re* 
nectbg light on the objects viewed by mkrosoopea. Larger mimors, of 
from four to eight inches diameter,, may be bad of the optician at differ- 
ent prices, varying from fiv^ to ten or fifteen shillings. 
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There is another experiment, made with a concaye mirnff, 
which has somewhat puzzled philosophers to account for the 
phenomena. Take a glass hottle, A C (fig. 27), and fill it. 

Figure 27' 




with water to the point B ; leave the upper part, B C, empty, 
and cork it in the common manner. Place this hottle oppo- 
site a concave mirror, and' heyond its focus, that it may ap- 
pear reversed, and hefore the mirror place yourself still fajrthei 
distant from the bottle, and it will appear in the situation a b 
c. Now it is remarkable, in this apparent bottle, that the 
water, which, according to the laws of catoptrics» should ap- 
pear at A B, appears, on the contrary, at b c, and, consquently, 
the part a b appears empty. If the bottle be inverted and 
placed before a mirror, its image will appear in its natural 
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erect position, and the water, which is in reality at B C (fig. 
28), is seen at a b. If, while the bottle is inverted, it be un- 

Figwn S9. 




corked, and the water run gently out, it will appear that, 
while the part B C is emptyings that of a b in the image is 
filling, and what is remarkable, as soon as the bottle is empty 
the illusion ceases, the image also appearing entirely empty. 
The remarkable circumstances in this experiment are, first, 
not only to see the object where it is not, but also where its 
irna^e is not ; and, secondly, that of two objects whicTi are 
really in the same place, as the surface of the bottle and the 
water it contains, the one is seen at one place, and the other 
at another ; and to see the bottle in the place of its image, 
and the water where neither it nor its image is. 

The following experiments are stated by Mr. Ferguson, in 
his " Lectures on Select Subjects," &c. : " If a fire be made 
in a large room, and a smooth mahogany table be placed at a 
good distance near the wall, hefore a large concave mirror, so 
placed that the light of the fire may be reflected from the. 
mirror to its focus upon the table ; if a person stand by the 
table, he will see nothing upon it but a longish beam of Ught : 
but if he stands at a distance towards the fire, not directly be- 
tween the fire and mirror, he will see an image of the fire 
upon the table, large and erect. And if another person, who 
Imows nothing of the matter beforehand, should chance to 
come into the room, and should look from the fire towards the 
table, he would be st^irtled at the appearance, for the table 
would seem to be on fire, and by being near the wainscot, to 
endanger the whole house. In this experiment there should 
be no hghtin the room but what proceeds from the fire, and 
the mirror ought to be at least fifteen inches in diameter. If 
the fire be darkened by a screen, and a large candle be placed 
at the back of the screen, a person standing by the candle will 
«ee the appearance of a very fine large s^tar, or, rather, planet, 

Vol. IX. 8 
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upon the fable, as bright as Yenns or Jupiter* And if a 
small wax taper — ^whose flame is much less than the flame 
of the candle — ^be placed near the candle, a satellite to ^e 
pkmet will appear on the table ; and if the taper be moved 
round the candle, the satellite will go round the planet." 

Many other illustrations of the efiects of concave specula 
might have been given, but I shall conclude this department 
by briefly stating some of the general properties of specth 
lutna. 

1. There is a ffreat resemblance between the properties of 
convex lenses and concave mirrors. They both form an in- 
verted focal image of any remote object, by the convergence 
of the pencil of rays* In those instruments whose perform- 
ances are the efiects of reflection, as reflecting telescopes, the 
concave mirror is substituted in the place of the convex lens. 
The whole effect of these instruments, in bringing to view 
remote objects in heaven and on earth, entirely depends on 
the property of a concave mirror in forming images of ob- 
jects in its focus. 2. The image of an object placed beyond 
the centre is less than the object ; if the object be placed be- 
tween the principal focus and the centre, the image is greater 
than the object. In both cases the image is inverted. 3. 
When the object is placed between the focus and the mirror, 
the imaffe situated iehind the mirror is greater than the ob- 
ject, and it has the same direction ; in proportion as the object 
approaches the focus* the image becomes larger and more 
distant. These and similar results are proved by placing a 
lighted candle at diflferent distances from a concave mirror. 
4. An eye cannot see an image in the air except it be placed 
in the diverging rays ; but if the image be received on a 
piece of white paper, it may be seen in any position of the 
eye, as the rays are then reflected in every direction. 5. If 
a picture, drawn according to the rules of perspective, be 
. placed before a large concave speculum, a little nearer than 
its principal focus, the image of the picture will appear ex- 
tremely natural, and very nearly like the real objects whence 
it was taken. Not only are the objects considerably magnified, 
so as to approach to their natural size, but they have also dif- 
ferent apparent distances, as in nature, so that the view of 
the inside of a church appears very like what it is in reality, 
and representations of landscapes appear very nearly as they 
do from the spot whence they were taken. In this respect a 
large concave speculum may be made to serve nearly the 
Bame purpose as the Optical Diagonal Machine* in viewing 
porspective prints. 6. The concave speculum is that alone 
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which is used as the great mirror which forms the first im- 
age in reflecting telescopes ; and it is likewise the only kind 
of speculum used as the small mirror, in that construction of 
the instrument called the Georgian Reflector, 

Quaniity of Light reflected by polished Surfaces, 

As this is a circumstance connected with the construction 
of reflecting teleiscopes, it may not he improper, in this place, 
to state some of the results of the accurate experiments of M. 
Bonguer on this suhject. This philosopher ascertained that 
of the light reflected from mercury, or quicksilver, more than 
one-fourth is lost, though it is probahle* that no substances re- 
flect more light than this. The rays were received at an 
angle of eleven and a half degrees of incidence, measured 
from the surfece of the' reflecting body, and jiot from the per- 
pendicular. The reflection from water was found to be al- 
most as great as that of quicksilver ; so that in very small 
angles it reflects nearly three-fourths of the direct light. 
This is the reason why so strong a reflection appears on 
water, when one walks, in still weather, on the brink of 
a lake opposite to the sun. The direct liffht of the sun di- ■ 
minishes gradually as it approaches the horizon, while the 
reflected Hght at the same time grows stronger ; so that there 
is a certain elevation of the sun in which the united force of 
the direct and the reflected light will be the greatest possible,, 
and this is when he is twelve or thirteen degrees in altitude. 
On the other hand, light reflected from water at great angles 
of incidence is extremely small. When the light was per- 
pendicular, it reflected no more than the thirty-seventh part 
which mercury does in the same circumstances, and only the 
fifty-fifth part of what fell upon it in this case. 

tfsing a smooth piece of glass, one line in thickness, he 
found that, when it was placed at an angle of fifteen degrees 
with the incident rays, it reflected 628 parts of 1000 which 
fell upon it ; at the same time, a metallic mirror, which he 
tried in the same circumstances, reflected only 561 of them. 
At a less angle of incidence much more light was reflected ; 
so that at an angl6 of three degrees the glass reflected 700 
parts, and the metal something less, as in the former case 
The most striking observations made by this experimenter 
relate to the very great diflference in the quantity of light re- 
flected at different angles of incidence. He found that for 
1000 incident rays, the reflected rays, at diflferent angles of 
incidence, were as follows : 
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With re^d to such mirrors as the specula of refleetmg 
telescopes, it will be found, in general, that diey reflect little 
mcMre than the one-half of the rays which fall upon them. 

Uncommon Appearances in Nature produced by the com- 
bined Influences of Reflection and Refraction. 

The reflection and refraction of the rays of light frequently 

Eroduce phenomena which astonish the beholders, and whicn 
ave been regarded by the ignorant and the superstitious as 
the eflects of supernatural agency. Of these phenomena I 
shall state a few examples. 

One of the most striking appearances of this kind is what 
has been termed the Fata Morgana^ or optical appearances 
, of figures in the sea and the air, as seen in the Faro of Mes- 
sina. The following account is translated from a work of 
Minasi, who witnessed the phenomenon, and wrote a disser- 
tation on the subject : " When the rising sun shines from 
that point whence its incident ray forms an ande of about 
forty-five degrees to the sea of Riggio, and the bright surface 
of the water in the bay is not disturbed either by the wind 
or the current, the spectator being placed on an eminence of 
the city, with his back to the sun and his face to the sea ; 
on a sudden there appear on the water, as in a catoptric 
theatre, various multiplied objects, that is to say, numberless 
series of pilasters, arches, castles well dehneated, regular co- 
lumns, lofty towers, superb palaces, with balconies and win- 
dows, extended alleys of trees, delightful plains with herds 
and flocks, armies of men on foot apd horseback, and many 
other strange ima&^es, in their natural colours and proper ac- 
tions, passing rapidly in succession along the surface of the 
sea, during the whole of the short period of time, while the 
above-mentioned causes remain. But if, in addition to the 
circumstances now described, the atmosphere be highly im- 
pregnated with vapour and dense exhalaticais, not previously 
dispersed by the winds or the sun, it then happens that, in 
this vapour, as in a curtain extended along the channel, at the 
height of about thirty palms, and nearly down to the sea, the 
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obeenrer will l)ehold the scene of the same objects, not only 
reflected from the surface of the sea, but likewise in the air, 
though not so distant or well defined as the former objects 
from the sea. Lastly, if the air be sligfhtly hazv or opaaue, 
and, at the same time, dewy, and adapted to K^m the iris, 
the then above-mentioned objects will appear only at the sur-. 
face of the sea, as in the first case, but all viyidly coloured, or 
fringed with red, green, blue, and other prismatic cdours.*'* 

It is somewhat difficult to account for all the appearances 
here described, but, in all probability, they are produced by 
a calm sea, and one or more strata of superincumbent air 
differing in refractive, and, consequently, in reflective power. 
At any rate, reflection and refraction are some of the essen- 
tial causes which operate in the production of the phencnnena. 

The JUirage, seen in the deserts of Africa, is a phenome- 
non, in all probabihty, produced by a similar cause. M. 
Monge, who accompanied the French army to Egypt, relates 
that, when in the desert between Alexandria and Cairo, the 
mirage of the blue sky was inverted, and so mingled with 
the sand below as to give to the desolate and arid wilderness 
An appearance df the most rich and beautiful country. They 
saw, in all directions, green islands, surrounded with ex- 
tensive lakes of pure, transparent water. Nothing could be 
conceived more lovely and picturesque than the landscape. 
In the tranquil surface of the lakes, the trees and houses with 
which the islands were covered were strongly reflected with 
vivid and varied hues, and the party hastened forward to 
enjoy the cool refreshments of shade and stream which these 
populous villages proffered to them. When they arrived, 
the lake on whose bosom they floated, the trees among whose 
foliage they were embowered, and the people who stood on 
the shore inviting- their approach, had all vanished, and 
nothing remained but a uniform and irksome desert of sand 
and sky, with a few naked huts and ragged Arabs. Had 
they not been undeceived by their nearer approach, there 
was not a man in the French army who would not have 
sworn that the visionary trees and lakes had a real existence 
in the midst of the desert. 

Dr. Clark observed precisely the same appearances at Ro- 
setta. The city seemed surrounded with a beautiful sheet of 
water ; and so certain was his Greek interpreter — ^who was 
unacquainted with the country— of this fact, that he was quite 
mdignant at an Arab who attempted to explain to him that it 
was a mere optical delusion. At length they reached Ho 

* Nicholson'a Journal of Natural Philosophy, &c.,4to series, p. 2Q5. 
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setta in about two hours, without Fipif»». 

meeting with any water; and, on 

looking back on the sand they had 

just crossed, it seemed to them as if 

they had waded. through a vast blue 

lake. 

On the Ist of August, 1798, Dr. 
Vince observed at Ramsgate a ship 
which appeared as at ▲, (fig. 29,) the 
topmast being the only part of it that 
was seen above the horizon* An in- 
verted image of it was seen at b, im- 
mediately above the real ship a, and 
an erect image at c, both of them be- 
ing complete and well defined. The 
sea was distinctly seen between them, 
as at V w. As the ship. rose to the 
hcHrizon, the imaffe c gradually dis- 
appeared, and while this was going 
on, the image b descended, but the 
mainmast of b did not meet the mainmast of a. The two 
images, b c, were perfectly visible when the whole ship was 
actually below the horizon. Dr. Vince then directed his 
telescope to another ship whose hull was just in the horizon, 
and he observed a complete' inverted image of it, the main* 
mast of which just touched the mainmast pf the ship itself. 
He saw at the same time several other ships whose images 
i^ppeared in nearly a similar manner, in one of which the 
two images were visible when the whole ship was beneath 
the horizon. These phenomena must have been produced 
by the same causes which operated in the case formerly 
mentioned, in relation to Captain Scoresby, when he saw the 
figure of his father's ship inverted in the distant horizon. 
Such cases are, perhaps, not uncommon, especially in calm 
and sultry weajther, but they are seldom obseryed, except 
when a person's attention is accidentally directed to the phe- 
nomenon, and, imless he use a telescope, it will not be so 
distinctly perceived. 

The following phenomenon, of a desaription nearly related 
to the above, has been supposed to be chiefly owing to rtflzC" 
tion: On the 18th of November, 1804, Dr. Buchan, when 
watching the rising sun, about a mile to the east of Brighton, 
just .as the stlar disk emerged from the surface of the water, 
saw the iace of the clifl* on which he was standing, a windmill, 
his own figure, and the figi^e of his friend, distinctly repre- 
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eented. precisely opposite, at some distance from the ocean* 
This appearance lasted about ten minutes, till the sun had 
risea nearly his own diameter above the sea. The whole 
then seemed to be elevated into the air, and successively dis- 
appeared. The surface of thcT sun was covered with a dense 
fog of many yjtrds in height, which gradually receded from 
U)^ rays of the sun as he ascended from the horizon. 

The following appearance, most probably, arose chiefly from 
the rrftacixon of the atmosf^ere : It was beheld at Kams- 
gate by Dr. Yince, of Cambridge, and another gentleman. 
It is well known that the four turrets of Dover Castle are seen 
at Ramsgate, over a hill which intervenes between a full 
prospect of the whole. On the 2d of August, 1806, not only 
were the four turrets visible, but the castle itself appeared as 
though situated on th^ side of the hill nearest Ramsgate, and 
80 stnking was the appearance that for a long time the doctor 
though it an illusion ; but at last, by accurate observation, 
was c<Hivinced that it was an actual image of the castle. He, 
with another individual, observed it- attentively for twenty 
HHnutes, but were prevented by rain from making farther 
observati(»)s. Between the observers and the land from 
which the hill rises there were about six miles of sea, and 
from thence to the top of the hill there was about the same 
distance ; their own height above the surface of the w^ter 
was about seventy feet. The cause of this phenomenon was, 
undoubtedly, unequal refraction. Tl^e air being more dense 
near the ground and above the sea than at greater heights, 
reached the eye of the observer, not in straight, but in curvi- 
linear lines I If the rays from the castle had in their path 
struck an eye at a much greater distance than Ramsgate, the 
probability is that the image of the castle would have been 
inverted in the air; but, in the present case, the rays from the 
turret and the base of the castle had not crossed each other. 

To similar causes as those now alluded to are to be attri- 
buted such phenomena as the following: 

T%e spectre of the Brocken, This is a wonderful and, 
at first sight, a terrific phenomenon, which is sometimes seen 
from the summit of one of the Hartz Mountains in Hanover, 
whicL is about 3300 feet above the level of the sea, and over- 
looks all the country fifteen miles round. From this moun- 
tain the most gigantic and terrific spectres have been seen, 
which have terrified the credulous, and gratified the curious, 
in a very high degree. M. Hawe, who wiuitssed this phe- 
nomenon, says the sun rose about four o'clock, after he had 
ascended to*the summit, in a serene sky, free of clouds; ana. 
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about a quarter past fi^e, when looking round to see if the 
sky continued clear, he suddenly beheld, at a h'ttle distance, 
a human figure of a monttroua size turned towards him, and 
glaring at him. While gazing on this gigantic spectre, with 
a mixture of awe and apprehension, a sudden gust of wind 
neariy carried off his hat, and he clapped his hand to his 
head to detain it, when, to his great delight, the ccdossal 
spectre did the same. He changed hit body into a variety 
of attitudes, all which the spectre exactly imitated, and then 
suddenly vanished without any apparent cause, and in a short 
time as suddenly appeared. Being joined by another spec- 
tator, after the first visions had disappeared, they kept 
steadily looking for the aerial spectres, when two gigantic 
monsters suddenly appeared. These spectres had been 
long considered as preternatural by the inhabitants of the ad- 
jacent districts, and the whole country had been filled with 
awe and t^ror. Some of the lakes of Ireland are found to be 
susceptible of producing illusions, particularly the Lake of 
Killamey, This romantic sheet of water is bounded on cme 
side by a semicircle of rugged mountains, and on the other 
by a flat morass ; and the vapours generated in the marsh, 
and broken by the mountains, continually represent the most 
fantastic objects. Frequently men riding along' the shore are 
seen as if they were moving across the lake, which is supposed 
to have given rise to the legend of O'Donougho, a magician 
who is said to be visible on the lake every May morning. 

There can be little doubt that most of those visionary ap- 
pearances which have been frequently seen in the sky and in 
mountainous regions are phantoms produced by the caus^ to 
which I am adverting, such as armies of footman and horse- 
men which some have asser^d ta have seen in the air near 
the horizon. A well-authenticated instance of this kind oc- 
curred in the Highlands of Scotland : Mr. Wren, of Wetton 
Hall, and D. Stricket, his servant, in the year 1744, were 
sitting at the door of the house in a summer evening, when 
they were surprised to see opposite them, on the side of Son- 
terfeU hill — a place so extremely steep that scarce a horse 
could walk slowly along it — ^the figure of a man with a dog 
pursuing several horses, all running at a most rapid pace. 
Onward they passed, till at last they disappeared at the lower 
end of the Fell. In expectation of finding the man dashed 
to pieces by so tremendous a fall, they went early next nrom- 
ing and made a search, but no trace of man or horse, or 
th** prints of their feet on the turf could be found. ^ Some 
nine afterward, about seven in the evening, on the same spot, 
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tkej beheld a troop of horsemen advanciiig in close ranks and 
at a brisk pace* The inmates of every cottage for a mile 
nmnd beheld the wondrous scene, though they had formerly 
ridicukd the story told by Mr. Wren and ms servant, and 
were struck with surprise and fear. The figures were seen for 
upward of two hours, till the approach of darkness rendered 
them invisible. The various evoluti(ms and changes through 
which the troops passed were distinctly visible, and were 
marked by all the observers. It is not improbable that these 
aerial troopers were produced by the same cause which made 
the Castle of Dover to appear on the side of the hill next to 
Ramsgate, and it is supposed that they were the images of 
a body of rebels, on the other side of the hill, exercising them- 
selves previous to the rebellion in 1745.* 

I shall mention only another instance of this description 
which lately occurred in France, and for a time caused a 
powerful sensation among all ranks. On Sunday, the 17th 
of December, 1826, the clergy in the parish of Mign6, in the 
vicinity of Poictiers, were engaged in the exercises of the 
Jubilee which preceded the festival of Christmas, and a num- 
ber of persons, to the amount of 3000 souls, assisted in the 
service. They had planted, as part of the ceremony, a lar^e 
cross, twenty-five feet high, and painted red, in the open air 
beside the church. While one of the preachers, about five 
in the evening, was addressing the multitude, he reminded 
^m of the miraculous cross which appeared in the sky to 
Constantine and his army, and the efiect it produced, when 
mddenly a similar celestial cross appeared in the heavens 
iust befcMre the porch of the church, about 200 feet above the 
Wizon, and 140 feet in length, and its breadth from three to 
four feet, of a bright silver colour, tinged with red. The 
citrate and congregation fixed their wondering gaze upon this 
extraordinary phenomenon, and the efie^t produced on the 
minds of the assembly was strong and solemn : they sponta- 
neously threw themselves on their knees ; and many, who 
had been remiss in their religious duties, humbly confessed 
tbeir sins, and made vows of penance and reformation. A 
coamnission was appointed to investigate the truth of this ex- 
traordinary appearance, and a memorial stating the above and 
other facts was subscribed by more than forty persons of rank 
and inteUigence, so that no- doubt was entertained as to the 

* There can be little doubt that some of the facts ascribed, in the West- 
em Highlands of Scotland, to secand sight, have been owing to the unusual 
refraction of the atmosphere ; as one of the peculiarities attributed to those 
who possessed this faculty was, that they were enabled to descry 
boats and shipa befiare they appeared in the horizon. 
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reality of the phenomenon. By many it was considered at 
strictly miracuicms, as having happened at the time and in 
the circumstances mentioned. But it is evident^ from what 
we have already stated, that it may he accounted for on phy- 
sical principles. The large cross of wood painted red was 
douhtless the real object which produced the magnified image. 
The state of the atmosphere, according to toe description 
given in the memorial, must have been favourable for the 
production of such images. The spectrum of the wooden 
cross must have been cast on the concave surface of some 
atmospheric mirror, and so reflected back to the eyes of the 
spectators from an opposite place, retaining exactly the same 
shape and proportions, but dilated in size ; and, what ia 
worthy of attention, it was tinged with red, the very colour of 
the object of which it was the reflected image. 

Such phenomena as we have now described, and the causes 
of them which science is able to unfold, are worthy of con- 
sideration, in order to divest the mind of superstitious terrors, 
and enable it clearly to perceive the laws by which the Al- 
mighty directs the movements of the material system. When 
any appearance in nature, exactly the reverse of every thing 
we could have previously conceived, presents itself to view, 
and when we know of no material cause by which it could 
be produced, the mind must feel a certain degree of awe and 
terror, and will naturally resort to supematurai agency as 
acting either in opposition to the established laws of the uni- 
verse, or beyond the range to which they are confined. Be- 
sides the fears and apprehensions to which such erroneous 
conceptions give rise, they tend to convey false and distorted 
impressions of the attributes of the Deity, and of His moral 
government. Science, therefore, performs an invaluable ser- 
vice to man, by removing the cause of superstitious alarms, 
by investigating the laws and principles which operate in the 
physical system, and by assigning reasons for those occasional 
phenomena which at first sfght appeared beyond the range 
of the operation of natural causes. 

The late ingenious Dr. Wollaston illustrated the causes 
of some of the phenomena we have described, in the follow- 
ing manner: He looked along the side of a red-hot poker at 
a word or object ten or twelve feet distant ; and at a distance 
less than three-eighths of an inch from the Hne of the poker, 
an inverted image was seen, and within and without that 
image, an erect image, in consequence of the change produced, 
by the heat of the poker, in the density of air. He also sug- 
gested th3 following experiment as another illustration of the 
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same princlpley namely, viewing an object through a stmtara 
of spirit of wine lying above water, or a stratum of water kid 
above one of syrup. He poured into a sqtuire vial a smaU 
quantity of clear syrup, and above this he poured an equal 
quantity of xvater^ which gradually ccnnbined with the syrup, 
as seen at A, fig. 80. The word 
** Syrup," on a «ard held behind 
the botde, appeared erect when 
seen through the pure spirit, but 
inverted when seen through the 
mixtoreof water and syrup, He 
afterward put nearly the same 
quantity of rectified spirit of wine 
above the tvater, as seen at B, and 
he saw the appearance as repre-^ 
sentcd, namely, the true place of 
the word " Spirit," and the inverted 
and erect images below. These 
substances, by their gradual incor- 
poration, produce refracting power, 
diminishing &om the spirit of 
wine to the water ^ or from the syrup^ to the waUer ; so that, 
by looking through the mixed stratum, an inverted image of 
any object is seen )behind the bottle. These experiments 
show that the mirage and several other atmospherical phe- 
nomena may be produced by variations in the refractive power 
ofdifierent strata of the atmosphere. 

It is not unlikely that phenomena of a new and different 
description from any we have hitherto observed, may be pro- 
duced from the same causes to which we have adverted. 
A certain optical writer remarks : " If the variation of the 
refractive power of the air takes place in a horizontal line 
perpendicular to the liixe of vision, that is, from right to left, 
then we may have a lateral mirage, that is, an image of a 
ship may be seen on the right or left hand of the real 
ship, or on both, if the variation of refractive power is the 
same on each side of the line of vision, and a fact of this kind 
was once observed on the Lake of Geneva. If there should 
happen at the same time both a vertical and a lateral varia- 
tion of refractive power in the air,, and if the variation should 
be sUch as to expand or elongate the object in both directions, 
then the object would be magnified as if seen through a tele- 
scope, and might be seen and recognised at a distance at 
which it would not otherwise have been visible. If the re- 
fracting power, on the contrary, varied so as to consiruct the 
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object in both directions, the image of it would bu dimJninhed 
as if seen through a concave lens." 

Remarks and Be/kctiana in rtfermee to the Phenomena 
described above. 

Such, then, aie some of the striking and ititerestinfir ^kdts 
produced by the refraction and die leflecdob of t£» Tvyt 
of light. As the formaticm of the images of objects by con- 
vex lenses lays the foimdation of the eanstraction ci Tefirad- 
ing telescopes and microscopes, and of idl the discoveries ^ay 
have brought to light, so the property of concave spectda^ m 
forming similar images, is that on wmeh the constractiQii of 
reffectine telescopes entirely depends. To &il» circunQetanoe 
Herschel was indebted for tne powerfdl telescojpes he was exir 
abled to construct — ^which were all foitned on the princii^ of 
reflection— and for all the discoveries they enaUed him to 
jnake in the planetary system, and in the sidereal Keavens. 
The same pnnciples which operate in optical instruments, 
under the agency of man, we have reascm to believe frequently 
act on a more expansive scale in various parts of the systan df 
nature. The magnificent cross which astonished the preacher 
and the immense congregation assembled at Mign6, was» in 
all probability, caused by a vast atmospheric^ speculum 
formed by the hand of nature, and representing its objects cm 
a scale far superior to that of human art; and probably to the 
same cause is to be attributed the singular phenomenon ci the 
coast of France having been made to appear within two or 
three miles of the town of Hastings, as formerly described 
(see p. 52.) Many other phenomena which we have never 
witnessed, and of which we can form no cmiception, may 
be produced by the same dause operating in an inSni^ of 
modes. 

The facts we have stated above, and the variety of modes 
by which light may be refracted and re^ec^d by difllerent 
substances in nature, lead us to form scnne conceptions of the 
magnificent and diversified scenes which light may produce 
in other systems and worlds under the arrangements of die 
all-wise and beneficent Creator. Light, in ail its modificar 
tions and varieties of colour and reflectionynmy be considered 
as the beauty and glory of the universe, and the source ci 
unnumbered enjoyments to all its inhabitants. It is a symbol 
of the Divinity himself; for **Gk)D is Light, and in Hiln is 
no darkness at all." It is a Representative of Him who is 
exhibited in • the sacred oracles as " The Sun of Righteous- 
ness," and ." the I^ioht of th^ worid." It is an en3>len^ of 
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the glories and felicities of that future iivtwrld where know- 
ledge shall be perfected and happiness complete ; for its 
inhabitants are designated '*the saints in light;** and it i§ 
declared in sacred history to have been the first-bom of created 
beings. In our lower world, its effects on the objects which 
surround us, iuid its influences upon all sensitive beings, are 
multiflBurious and highly admirable. While passing from in- 
finitude to infinitude, it reveals the depth and immensity of 
the heavens, the glory of the sun, the beauty of the stars, the 
arrangements of the planets, the rainbow encompassing the 
sky with *ts glorious circle, the embroidery of flowers, the 
rich clothing of the meadows, the valleys standing thick with 
com, "the cattle on a thousand hilfe," the rivers rolling 
dirou^h the plains, and the wide expanse of the ocean. But 
in other worlds the scenes it creates may be fiaur more 
resplendent and magnificent. This ma^ depend upon the 
refractive and reflective powers with which the Creator has 
endowed the atmospheres of other planets, and the peculiar 
oxistitution of the various objects with which they are con- 
nected. It is evident, from what we already know of the 
reflection of Ught, that very jslight modifications of certain 
physical principles, and very slight additions to the arrange- 
ments of our terrestrial system, might produce scenes of 
beauty, magnificence, and splendour of which at present we 
csoa. form no conception. And it is not unlikely tnat by such 
diversities of arrangement in other worlds an infiniU variety 
of natural scenery is produced throughout the universe. 

In the artangements connected with the planet Saturn, and 
the immense rings with which it is encompassed, and in the 
Tarious positions which its satellites daily assume with regard 
to one another, to the planet itself, and to these rings, there 
is, in all probability, a combination of refractions, reflectioml, 
Kght, and shadows, which produce scenes wonderfully diver- 
8&ed, and surpassing in grandeur what we can now dis- 
tinctly conceive. In the remote regions of the heavens there 
are certain bodies composed of immense masses of luminous 
matter, not yet formed into any regular sjrstem, and which 
are known by the name of nehulse. What should hinder us 
from supposing that certain exterior portions of those masses 
fomi speculums of enormous size, as some parts of our atmo- 
sphere are sometimes found to do ? Such specula may be 
conceived to be hundreds and even thousands of miles in 
diameter, and that they may form images of the m<»t distairt 
objects in the heavens, on a scale of immense magnitude and 
extent, and which may be reflected, in all their grandeur, to 
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the eyes (^mtelligciices at a vaat distance. And, if the organs 
of vision of such beings be fiir superior to ours in acuteness 
and penetrating power, they may thus be enabled to take a 
•orvey of an immense sphere of vision, and to descry magni- 
ficent objects at distances the most remote from the sphere 
they occupy. Whatever grounds there may be for such 
suppositions, it must be admitted that all the knowledge we 
have hitherto acquired respecting the operation of light, and 
the splendid efiects it is capable of producins^, is small indeed, 
and hmited to a narrow circle, compared with the immensity 
of its range, the infinite modifications ' it may undergo, and 
the wondrous scenes it may create in regions of creation to 
which human eyes have never yet penetrated, and which 
may present to view objects of brilliancy and magnificence 
such as ^ Eye hath not yet seen, nor ear heard, nor hath it 
entered into the heart of man to conceive." 



CHAPTER V. 

SECT. 1. OK TH« COLOtTKS OF LIGHT. 

Ws have hitherto considered light chiefly as a simple 
homogeneous substance, as if all its rays were white, and as 
if they were ail refracted in the same manner by the different 
lenses on which they fall. Investigations, however, into the 
naiure of this wonderful fiwd have demonstrated that this is 
not the case, and that it is possessed of certain additicmal 
properties oi the utmost importance in the system of nature. 
Had every ray d* light been a pure white, and incapable df 
being separated into any x)ther colours, the scene of the uni- 
verse would have exhibited a very diflerent aspect from what 
we now behold. One uniform hue would have appeared 
over the whole face of nature, and one object could scarcely 
have been distinguished from another. The difierent shades 
of verdure which now diversify every landscape, the brilUant 
colouring of the flowery fields, and almost all the beauties and 
sublimities which adcan this lower creation would have been 
withdrawn. But it is now ascertained that every ray of white 
Ught is composed of an assemblage of colours, whence pro- 
ceed that infinite variety of shade and cobur with which the 
whole of our terrestrial habitation is arrayed. Those colours 
are found not to be in the objects themselves, but in the rays 
of light which fall upon them, without which they would 
either be invisible, or wear a imiform aspect. In reference 
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to this^ point, Gc^dsmitb has well observed : " The blushing 
beauties of the roSe, the modest blue of the violet, are not in 
the flowers themselves, but in the light that adorns them. 
Odour, softness, and beauty of figure are their own ; but it i« 
Hght alone that dresses them up in those robes which shame 
the monarch's glory.** 

Many strange opinions and hypotheses were entertained 
respecting colours by the ancients, and even by many modem 
writers, prior to the time of Sir Isaac Newton, The Pytha- 
goreans called colour the superficies of bodies ; Plato said 
mat it WBS a flame issuing from them. According to Zeno, 
it is the first configuration of matter ; and according to 
Aristotle^ it is that which moves bodies actually transparent. 
Among the modems, Des Cartes imagined that the dinerence 
of colour proceeds from, the prevalence of the direct or rotatory 
motions of the particles of light. Grimaldi, Dechales, and 
others, thought the difierences of colour depended upc»i the 
quick or slow vibrations of a certain elastic medium filling 
the whole universe. Rohault iraaffined that the diflferent 
colours were made by the rays of light entering the eye at 
diflferent angles with respect to the optic axis ; and Dr. Hook 
conceived that colour is caused by the sensation of the oblique 
or uneven pulse of light ; and this being capable of no more 
than two varieties, he concluded that there could be no more 
than two primary colours. Such were some of the cmde 
opinions which preva.iled before the era of the illustrious 
Newton, by whose enlightened investigations the true theory 
of colours was at last discovered. In the year 1666 this phi- 
losopher began to investigate the subject, and finding the 
coloured image of the sun, formed by a glass prism, to be of 
an oblong, and not of a circular form, as, according to the 
kws of refraction, it ought to be, he was surprised at the 
great disproportion between its length and breadth, the former 
being Jlv^ times the length of the latter ; and he began to 
conjecture that light is not homogeneai, but that it consists 
of rays, some of which are much more refrangible than others. 
Prior to thi& period, philosophers supposed that all light, in 
passing out pf one medium into another of difl!erent density, 
was efU(Uly refracted, in the same or like circumstances ; but 
Newton discovered that this is not the fact ; but that there 
are diffhrmt species of light, axid that each species is disposed 
both to suffer a different degree of refrangibility in passing 
out of one mediun^ into another, and to excite in us the idea 
of a different colour from the rest ; and that bodies appear 
of that colour which arises from the pecuUar rays they are 
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disposed to reflect. It is now, therefore, universafiy acknow- 
ledged that the light of the sun, which to us seems peffectlj 
homogeneal and white, is composed of no fewer than seven 
diflerent colours, namely, Fedf Orange^ Yellow^ Crteen^ Bitte, 
IndigOf and Violet, A hody which appears of a red colour 
has me property of reflecting the red rays more powerfully 
than any of the others ; a body of a green colour reflects the 
green rays more copiously than rays of any other colour, and 
so of the orange, yellow, blue, purple, and violet. A body 
which is of a black colour, instead of reflecting, absorbs all, 
or the greater part of the rays that fall upon it ; and, on the 
contrary, a body that appears white reflects the greater part 
of the rays indiscriminately, without separating tbe one mm 
the other. 

Before proceeding to describe the experiments by which 
the above results were obtained, it may be proper to give 
some idea oi the form and efiects of the Prism by which such 
experiments are made. This instrument is triangular and 
straight, and generally about three or four inches long. It is 
commonly made of white glass, as free as possible from veins 
and bubbles, and other similar defects, and is solid through* 
out. Its lateral faces, or sides, should be perfectly plane* 
and of a fine polish. The angle formed by the two Voices, one 
receiving the ray of light that is refracted in the instrument, 
and the other affording it an issue on its returning into the 
air, is called the refracting angle of the prism, as AC B, (fi^. 
81.) The manner in which Newton performed his ezpen- 




ments, and established the discovery to which we have at 
luded, is as follows : 

In the window-shutter, E G, (flg. 81,^ c^ a dark joom,a 
hole, F, was made, of about one-tbird ot an inch diameter, 
and behind it was placed a glass prism, A C B, so that the 
beam of light, S F, proceeding directly from the sun, was 



macfo to pass throagh the prism. Before the interposition of 
the prism, the beam proceeded in a straight line towards T, 
wheie it formed a round white spot ; but, being now bent 
oQt of its course by the prism, it formed an oblong image, O 
P, upon' the white pasteboard, or screen, L M, containing the 
seven odours marked in the figure, the red being the Teastf 
and the viok^ the mast refracted from the original direction 
of the solar beam, S T. This oblong image i3 called the 
priimaUe spectrum. If the refracting angle of the prism, A 
*C B, be 64 degrees, and the distance of the pasteboard from 
the prism about 18 feet, the length of the image, O P, will bd 
aboat 10 inches, and the ^r^dth 2 inches. The sides of the 
spectrtim are right lines distinctly bounded, and the ends are 
semicircular. From this circumstance, it is evident that it 
is still the image of the «un, but elongated by the refractive 
pdw^ of the prism. It is evident from the figure that, since 
«TOfi part of tne beam, R O, is refracted much farther out of 
its natural course, W T, than some other part of the beam, 
» W P, the rays towards R O have a much greater dispo* 
skion to be refracted than those towards W P ; and that tnis 
^position arises from the naturally different qualities of those 
lays, is evident from this consideration, thai the refracting 
wigle or power of the prism is the same in regard to the 
tuperior part of the beam as to the inferior. 

By making a hole in the screen, L M, opposite any one of 
^ colours of the spectrum, so as to allow that colour alone 
to pass— and by letting the colour thus separated fkll upon 
a second prism— Newton found that the light of each of the 
colours was alike refrangible, because the second prism could 
not separate them into an oblong image, or into any other colour* 
Heace he, called all the seven colours simple or homogeneous, 
in opposition to i/fhite light, which he called compound, or 
heterogeneous. With the prism which this philosopher 
used, he foimd the lengths of the colours and spaces of the 
spectrum to be as follows : Red, 45 ; Orange, 27 ; Yellow, 40 ; 
Green, 60; Bke, 60; Indigo, 48; Violet, 80; or 360 in all. 
But these spaces vary a little with prisms formed of difierent 
substances, and, as they are not separated by distinct limits, it is 
difficult to obtain any thing like an accurate measure of their le- 
jativft extents* Newton examined the ratio between the sines of 
incidence and refraction of these decompounded rays, (see p. 
45,) and found that each of the seven primary colour-making 
myi h^d ce^in limits within which they were confined. 
Thus, let the sine of incidence in glass be divided* into 60 
equal parts, the sine of refraction into air g£ the least refrangi- 
9* 
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'ble, and the mott refirawiUe mys will contain reapa ai vrfy 
77 and 78 such parts. The sines of refraction of all the de- 
grees of red will have the intermediate degrees of magnitude, 
nom 77 to 77 one-eighth : Ormjf^ from 77 one-eighth to 77 
one-fiiUi; Yellow^ from 77 one^ulh to 77 one-thiid; Oreent 
from 77 one-third to 77 one-half; BbUf from 77 cme-half to 
77 two-thirds ; Indigo^ from 77 two-thirds to 77 seTen-ninths; 
and Violett from 77 seven-ninths to 78. 

From what has heen now stated, it is evident that, in pro- 
portion a3 any portion of an optic glass hmrs a resemblance 
to the form of a prism, the component rays Uiat pass throujrii 
it must be necessarily separated, and wiu consequently pauu 
or tinge the object with colours. The edges oS every conyex 
lens approach to this form, and it is on this account that the 
extremities of objects, when viewed through them, are found 
to be tinged with the prismatic coloiirs. £i such a glass, 
therefore, those difierent cobured rays will have d^ereni 
foeif and will form their respective images at different dia^ 
tances from the lens. Thus, suppose L N (fig. d^) to rep- 
resent a double convex lens, and O B an object at s(xne dis* 
tance from it. If the object O B was of a pure red colour^ 
the rays proceeding from it would form a red image at R &| 
if the object was of a violet colour, an image of wai coknur 
would be formed at V v, nearer the lens ; and if the object 
was white, or any other c(»nbination o[ the colour-making 
rays, those rays would have their respective foci at difierent 
distances frcun the lens, and form a succession of images in. 
the order of the prismatic colours, between Jthe space R r 
and V V. 

Figttftda. 




This may be illustrated in the foUowing^manner; Take a 
card or slip of white pasteboard,. as A B £ F, (fig. 33,) and 
paint one-half, A B C D, red^ the other half C,F, violet or 
indigo, an4f tying black threads across it, set it near the flame 
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of a candle, G; then take a lens, H I, and, holding a sheet of 
white paper behind it, move it backward and forward upon 
the edge of a graduated ruler till you see the black threads 
most distinctly in the image, and you will find the focus of 
the yiokt p b much nearer than that of the red a c, which 
plainly shows that bodies of different colours can never be 
depicted by conrex-lenses without some degree of confusion. 

Figurt 33. 




The quantity of dispersion of the coloured rays in convex 
lepses depends upon the focal length of the glass, the space 
which the cdoured images occupy being about the twenty- 
eight part. Thus, if the lens be twenty-eic^ht inches focal 
distance, the space between R r and Y v 7fig. 82^ will be 
about <Hie inch; if it be twenty-eight feet focus, tne same 
space will be about one foot, and so on in proportion. Now, 
when such a succession oi images formed by the different 
coloured rays is viewed through an eyeglass, it will seem to 
fonn but one image, and, conseauently, very indistinct, and 
tinged with various colours ; ana as the red figure, R r, is 
latest, or seen .under the crreatest angle, the extreme parts 
of this confused image will be red, and a succession of the 
prismatic cdours will be formed within this red fringe, as is 
generally found in common refracting telescopes, constructed 
with a single object-glass. It is owing to this circumstance 
that the common refracting telescope cannot be much im- 
proved without having recourse to lenses of a very long focal 
distance; and hence, about 150 years ago, such telescopes 
were constructed of 80, and 100, and 120 feet in length. 
Bat still, the image was not formed so distinctly as was de- 
sired, and the aperture of the object-fflass was obliged to be 
limited. This is a defect which was lonef regarded as with- 
out a remedy; and even Newton himself despaired of dis- 
covering any means by which the defects of refracting tele- 
scc^s might be removed, and their improvement e^cted. 
This, however, was accomplished by JDollond to an extent far 
surpassing what could have been expected, of which a par- 
ticular account will be given in the sequel. 

It was or.gmall) remarked by Newton, and the feet haf 
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since' been confirmed by tbe experiments of Sir W. Kersdiel, 
that the differ ent-coloured rays have not the same iUumi' 
noting power. The violet rays appear to have the least illu- 
minatmg efiect ; the indigo more, and the efiect increases in 
the order o( the colours, the greer^ being veir great ; betwemr 
the green and the yellow the mate^t of all ; the yellow the 
same as the green ; but the red less than the yellow. Herschd 
also endeavoured to determine whether the power of the 
differently-coloured rays to heat bodies varied with their 
power to illuminate tbem. He introduced a beam of light 
mto a dark room, which was decomposed by a prism, and 
then exposed a very sensible thermometer to all the rays in 
successicm, €uid observed the heights to which it rose in a 
given time. He found that their heating power increased 
from the violet to the red. The mercury in the thermometer 
rose higher when its bulb was placed in the indigo than wben 
it was placed in the violet, still higher in blue, and highest of 
all at red. Upon placing the bulb of the thermometer below 
the red, quite out of the spectrum, he was surprised to &td 
that the mercury rose highest of all, and concluded that ruytf 
proceed from the «wn, which have the power o/* heating, but 
not of illuminating bodies. These rays have been called 
invisible solar rays ; they were about half an iiick from the 
commencement of the red rays ; at a greater distance from 
this point the heat began to diminish, but was very percepti- 
ble, even at the distance of I5 inch. He determined that the 
heating power of the red to that of the green rays was 2| to 
1, and 3s to 1, in red to violet. He afterward made escperi- 
ments to collect those invisible calorific rays, and caused them 
to act independently of the light, from which he concluded 
that they are sufficient to account for all the efiects prodttced 
by the solar rays in exciting heat ; that they are capaHe of 
passing througn glass, and of being refracted and reflected, 
after they have been finally detached from the solar beam. 

M. Ritter of Jena, Wollaston, Beckman, and others, hare 
found that the rays of the spectrum are possessed of certain 
chemical properties $ that beyond the least brilliant extremity, 
namely, a little beyond the vioht ray, there are invisible rnyn 
which act chemically, while they have neither the power of 
heating nor illuminating bodies. Muriate of silver, exposed 
to the action of the red rays, becomes blackish ; a greater 
efiect is produced by "the yellow ; a still greater by the violet, 
^nd the, greatest of all by the invisible rays beyond the violet. 
When phosphorus is exposed to the action of the invisible 
rays beyond the red, it emits white fumes, but the invisible 
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ixf^ beyond the violet extinguish them. The influence of 
these rays is daily seen in the change produced upon vege- 
taWe colours, which fade when frequently exposed to the 
direct influence of the sun. What object they are destined 
to accconplish in the general economy of nature is not yet 
distinctly known ; we cannot, however, doubt that they are 
essentially requisite to various processes going forward in the 
material system. And we know that not only the comfort of 
all the tribes of the living world, but the very existence of the 
animal and vegetable creation depends upon the unremitting 
agency of the calorific rays. 

It lias likewise been lately discovered that certain rajrs of 
the spectrum, particularly the violet, possess the property of 
communicating the magnetic power. Dr. Morichint, of. 
Rmne, appears to have been the flrst who found that the violet 
rays of the spectrum had this property. The result of his 
experiments, however, was involved in doubt till it was esta- 
U^hed by a series of experiments instituted by Mrs. Somer- 
vilUf whose name is so well known in the scientific world. 
This lady having covered half a sewing-needle, about an inch 
long, with paper, she exposed the other half for two hours to 
the violet rays. The needle had then acquired north polarity. 
The indigo rays produced nearly the same eflect ; and the 
bhie and green rays produced it in a still less degree. In the 
yellow, orange, red, and invisible rays no magnetic influence 
was exhibited, even though the experiment was continued 
for three successive days. The same eflects were produced 
by enclosing the needle in blue or green glass, or wrapping 
it in blue and green ribands, one-fialf of the needle being 
always covered with paper. 

One of the most curious discoveries of modem times, in 
reference to the solar spectrum, is that of Fraunhofer, of 
Munich, one of the most distinguished artists and opticians 
op the Contii^ent.* He discovered that the spectrum is co- 

* Fraunhofer was, in the highest sense of the word, an aptieian, an 
original discoverer in the most abstruse and delicate departments of this 
science, a competent mathematician, an admirable mechanist, and a man 
of a truly philosophical turn of mind. By his extraordinary talents, he 
was soon raised m>m the lowest station in a manufacturing establishment 
to the direction of the optical department of the business, in which' he 
originallv laboured as an ordinary workman. He then applied the whole' 
power of his mmd to the perfection of the achromatic telescope, the de- 
fects of which, in reference to the optical properties of the materials used, 
he attempted to remedjr ; and, by a series of admirable experiments sue* 
ceeded in giving to Optical determinations the precision of astronomical 
observations, surpassing in this respect all who had gone before him, ex> 
cept, perhaps, the illustrious Newton. It was in the course of these 
iMeirchM that he was led to the important discovery of the dark line* 
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yered with dark and coloured lines, piirallel to one another, 
Wid perpendicular to the length of the spectrum; and he 
counted no less than 590 of these lines. In order to observe 
these lines, it is necessary to use prisms of the most perfect 
construction, of very pure glass, free of veins, to exclude aB 
extraneous light, and even to stop those rays which foim the 
coloured spaces which we are not examining. It is neces- 
sary, also, to use a magnifying instrument, and the light must 
enter and emerge from the prism at equal angles. One of 
the important practical results of this discovery is, that those 
lines are fixed points in the spectrum, or, rather, that they 
have always the same position in the coloured spaces in which 
they are found. Fraunhofer likewise discovered, in the spec- 
trum produced by the light of Venus, the same streaks as in 
the solar spectrum ; in the spectrum of the light of Sirius he 
perceived three larffe streaks, which, according to appear- 
ance, had no resemblance to those of the light of the sun ; one 
of them was in the green, two in the blue. The stars appear 
to differ from one another in their streaks. The electric Hght 
differs very much from the light of the sun and that of a lamp 
in regard to the streaks of the spectrum. " This experiment 
may also be made, though in an imperfect manner, by view- 
ing a narrow slit between two nearly closed window-shutters 
through a very excellent glass prism, held close to the eye, 
with the refracting angle parallel to the line of light. When 
the spectrum is formed by the sun's rays, either direct or m- 
direct, as from the sky, clouds, rainbow, moon, or planets, 
the black bands are always found to be in the same parts of 
the spectrum, and under all circumstances to maintain the 
aanie relative position, breadth, and intensities." 

From what has been stated in reference to the solar spec- 
trum, it will evidently appear that white light is nothing else 
than a compound of all the prismatic colours ; and this may 
be still farther illustrated by showing that the seven primary 
Colours, when again put together, recwnpose white light. Tins 
may be rudely proved, for the purpose of illustration, by mix- 
ing together seven difEerent powders, having the colours and 

which occur in the solar Bpectrum. Hi^ achromatic telescopes are scat- 
'tared over Europe, and are the largest and best that have hitherto been 
constructed. He died at Muni«;h, at a premature age, in 1826 ; hb death, 
it is said^ being accelerated by the unwholesome nature of the processes 
employed in his glass-house ; leaving behind him a reputation rarely at- 
lained by one so young. His memour •* On the refractive and dispersive 
Power of diflferent Species of Glass, in reference to the Improvement of 
Achroni^tic Telescopes, and an Account of the Lines on the Spectrum,^' 
will be found in the "Edinburgh Philosophical Journal," vol. ix., P. 
288—299 ; and x ol. x., p. 26—40, for 1823-4. 
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piwoition of the spectrum ; but the best mode, on the whole, 
18 the fcdlowing : Let two circles be drawn on a smooth round 
board, covered with white paper, as in figure 34; let the 

J%Mr«34. . 




oaterraost be divided into 360 equal parts ; then draw seven 
right lines, as A, B, C, &c., from the centre to the outermost 
circle, making the lines A and B include 80 decrees of that 
circle. The Jines B and C, 40 degrees ; C and D, 60 ; D 
and E, 60 ; E and F, 48 ; F and G, 27; Q and A, 45. Then 
between these two circles paint the space A G red, inclining 
to orange near G ; G F orange, inclining to yellow near F ; 
F E yellow, inclining to green near E ; E D green, inclining 
to blue near D ; D C blue, inclining to indigo near C ; C B 
indigo, inclining to violet near B ; and B A violet, inclining 
to a soft red near A. This done, paint all that part of the 
board black which lies within the inner circle ; and, putting 
an axis through the centre of the board, let it be turned swiftly 
round that axis, so that the rays proceeding from the above 
colours may be all blended and mixed together in coming to 
the eye. Then the whole coloured part will appear like a 
white ring a little gmyish — not perfectly white, because no 
art can prepare or lay on perfect colours, in all their delicate 
shades, as found in tne real spectrum. 

That all the colours of light, when blended together in their 
proper proportions, produce a pure white, is rendered certain 
by the following experiment : Take a large convex glass, and 
place it in the room of the paper or screen on which the solar 
spictrum was depicted fL M, fig. 31 ;) the glass will unite 
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all the rays which crane from the prism, if a paper i» placed 
to receive them, and you will see a circular spot of a pure 
lively white. The rajrs will cross each other in the focus of 
the glass, and, if the paper be removed a little fiurther from 
that point, you will see the prismatic colours again displayed, 
but in an inverted order, owing to the crossing of the rays. 

SECT, n.— ON THE COLOURS 0^ NATURAL OBJECTS. 

From what has been stated above we may learn the true 
cause of those diversified hues exhibited by natural and arti- 
ficial objects, and the variegated colouring which appears on 
the face of nature. It is owing to the surfaces of bodies being 
disposed to reflect one colour rather than another. When 
this disposition is such that the body reflects every kind of 
ray, in the mixed state in which it receives them, that body 
appears white to us, which, properly speaking, is no cokmr, 
but rather the assemblage of all colours. If the body has a 
fitness to reflect one sort of rays more abundantly than others, 
by absorbing all the others, it will appear of the colour bekmg^ 
ing to that species of rays. Thus, the grass i& ^een, because 
it absorbs all the rays except the green. It is these green 
rays only which the Cfrass, the trees, the shrubs, and au the 
other verdant parts of the landscape reflect to our sight, and 
which make them appear green. In the same manner, the 
difierent flowers reflect their respective colours ; the rose, the 
red rays ; the violet, the blue ; the jonquil, the yellow ; the 
marigold,^ the orange ; and every object, whether natural or 
artificial, appears of that colour which its peculiar texture is 
fitted to reflect. A great number of bodies are fitted to re- 
flect at once several kinds of ra3rs, and, of consequence, they 
appear under mixed colours. It may even happen that m 
two bodies which should be green, for example, one may re- 
flect the pure green of light, and the other the mixture of 
y^ellow and blue. This quality, which varies to infinity, occa- 
sions the diflerent kinds of rays to unite in every possible 
manner, and every possible proportion ; and hence the inex- 
haustible variety of shades and hues which nature has dif- 
fused over the landscape of the world. When a body absorbs 
nearly all the light which reaches it, that body appears black; 
it transmits to the eye so few reflected rays that it is scarcely 
perceptible in itself, and its presence and form make no im- 
pression upon us, unless as it interrupts the brightness of the 
surrounding space. Black is, therefore, the absence of aU 
the coloured rays. 
It is evident, then, that all the various assemblages of co- 
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lofiis wliich we see in the objects around ns are not in the 
bodies themselves, but in the light which falls upon them. 
There is no colour inherent in the grass, the trees, the fruits, 
and the flowers, nor even in the most splendid and variegated 
dress that adorns a lady. All such objects are as destitute 
of colour, in themselves, as bodies whidi are placed in the 
centre of the earth, or as the chaotic materials out of which 
our globe was formed before light was created ; for *where 
there is no light, there is no colour. Every object is bkck, 
or withbut cdour, in the dark, and it eilly appears coloured 
tb soon as light renders it visible. This is farther evident 
from the fdiowing experiment : If we place a coloured body 
in one of the colours of the spectrum wliich is formed by the 
pri«n, it appears of the colour of the rays in which it is 
pkced. Take for example, a red rose, and expose it first to 
the red rays, and it will appear of a more brilliant ruddy hue ; 
hdd it in the Hue rays, and it appears no longer red but of 
a dingy blue colour, and in like manner its colour will appear 
difierent when placed m all the other differently-coloured 
rajrs. Tlxis is the reason why the colours of objects are es- 
sentially altered by the nature of the light, in whdch they are 
seen. The colours of ribands, and various pieces of silk or 
woollen stufis> are not the same when viewed by candle-light 
as in the day-time. In the Kght of a candle or a lamp, blue 
often appears green, and yellow objects assume a whitish asi 
pect. The reason is, that'the light of a candle is not so pure 
a white as that of the sun, but has a yellowish tinge, and 
dierefore, when refracted by the prism, the yellowish rays 
are found to predominate, and the superabundance of yellow 
ray^ give to blue objects a greenish hue. 

The doctrine we are now illustrating is one which a great 
many persons, especially among the fair sex, find it difficult 
to admit. They cannot conceive it possible that there is no 
colour really inherent in their splendid attire, and no tints of 
beauty in their countenances. " What," said a certain lady, 
" are there no colours in my shawl, and in the ribands that 
adorn my headdress, and are we all as black as negroes in 
the dark ? I should almost shudder to think of it." Such 
persons, however, need be in no alarm at the idea, but may 
console themselves with the reflection that, when they are 
stripped gf all their* coloured ornaments in the dark, they arc 
certain that they tviU never be seen by any one in that state ; 
and therefore there is no reason to regret the temporary loss 
d* those beauties which light creates, when they themselves, 
and all surrounding objects, are invisible. But, to give i 
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BtiU more palpable proof of this poeitkm, the fcdlowmg pbp«* 
lar experiments may be stated : 

Take a pint of common spirit and poor it into a soup dish, 
and then set it on fire ; as it begins to blaze, throw a handful 
of sak into the bumin? spirit, and keep stirring it with a 
spoon. Several handfius may thus be successively thrown 
in, and then the spectators, standing around the flame, will 
see each other frightfully changed, tneir colours being altered 
into a ghastly blackness, in consequence of the nature of the 
light which falls upon them, which produces colours very 
different from those of the solar light. The following expe^ 
riment, as described by Sir D. Brewster, illustrates the same 
principle : ^ Having obtained the means of illuminating any 
apartment with yelhto Ught, let the exhibition be made in a 
room with furniture of various bright colours, and with oil or 
water-coloured paintings on the wall. The party which is 
to witness the experunent should be dressed in a diversity of 
the gayest ccdours, and the brightest coloured flowers and 
highly coloured drawings should be placed on the tables. The 
room being at first lighted with ordinary hghts, the bright and 
gay colours of every thing that it pontains will be finely dis- 
played. If the white hghts are now suddenly extinguished, 
and the yellow lamps lighted, the most appalling metamor- 
phosis will be exhibited. The astonished individuals will no 
longer be able to recognise each other. All the furniture of 
the room, and all the objects it contains will exhibit only one 
colour. The flowers will lose their hues ; the paintings and 
drawings will appear as if they were executed in China ink, 
and the gayest dresses, the brightest scarlets, the purest lilachs, 
the richest blues, and the most vivid greens, will all be con- 
verted into one monotonous yellow. The ccmiplexions of the 
parties, too, will sufiler a corresponding change. One pallid 
death-like yellow. 

Like the unnatural hue 
Which autumn paints upon the perished leaf, 

will envelop the yoimg and the old, and the scdlotv face will 
alone escape from the metamorphosis. Each individual de- 
rives merriment from the cadaverous appearance of his 
neighbour, without being sensible that he is one of the ghastly 
assemblage." 

Fr«jm such experiments as these we might conclude that, 
were the solar rays of a very different description from^ what 
they are now found to be, the colours which embellish 
the face of nature, and the whole scene of our sublunary crea- 
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tian, would asstime a new aspect, and appear rery different 
from what we now behold around us in every landscape. We 
find that the stars display great diversity of colour, which is 
donbtlesBS owing to the different kinds of light which are 
emitted from, those bodies ; and hence we may conclude that 
the colouring thrown upon the various objects of the universe 
isdiflferent in every different system, and that thus, along 
with other arrangements, an infinite variety of colouring and 
of scenery is distributed throughout the immensity of crea- 
tion. 

The atmosphere^ in consequence of its different refractive 
and reflective powers, is a source of a variety of colours _ 
which frequently embellish and diversify the aspect of our 
dcy. The air reflecU the blue rays most plentifiilly, and 
must therefore transmit the red, orange, and yellow more 
bopiously than the other rays. When the sun and other 
heavenly bodies are at a high elevation, their light is trans- 
mitted without^ any perceptible change ; but when they are 
near the horizon, their light must pass through a long and 
dense tract of air, and must therefcffe be considerably modi- 
fied before it reach the eye of the observer. The momentum 
of the red rays being greater than that of the violet, will force 
their way through the resisting medium, while the violet 
rays wiU be either rdlected or absorbed. If the light of the 
setting sun, by thus passing through a long tract of air, be 
divested of the green, blue, indigo, and violet rays, the re- 
mainii^ rays which are transmitted through the atmosphere 
will illuminate the western clouds first, with an orange colour, 
and then, as the sun gradually sinks into the horizon, the 
tract through which the rays must pass becoming longer, the 
yellow and orange are reflected, and the clouds grow more 
deeply redn till at length the disappearance of the sun leaves 
them of a leaden hue, by the reflection of the blue light 
through the air. Similar changes of colour are sometimes 
seen on the eastern and western fronts of white buildings. 
St. Paul's Church, in London, is frequently seen, at sunset, 
tinged with a very considerable degree of redness ; and the 
same cause occasions the moon to assume a ruddy colour, by 
the light transmitted through the atmosphere. From sucn 
atmospherical refractions and reflections are produced those 
rich and beautiful hues with which our sky is gilded by the 
setting sun, and the glowing red which tinges the morning 
and evening clouds, till their ruddy glare is tempered by the 
purple of twihght, and the reflected azure of the sky. 

W hen a direct spectrum is thrown on colours darker than 
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Itself, it mixes with them, m the yeUow sp e ctiam (tf the set- 
ting sun, thrown on the green grass, bec(Hnes a greener je]f 
low. But when a direct spectrum is thrown <m coloon 
brighter than itself, it becomes instantly changed into the 
reverse spectrum, which mixes with those brighter cdours. 
Thus the yellow spectrum of the setting sun, thrown on the 
luminous sky, becomes blue, and changes with the colour 
or brightness of the clouds on which it appears. The red 
part of light being capable of strugfflinc through thick emd re- 
sisting mediums which intercept aB other colours, is likewise 
the cause why the sun appears red when seen through a 
fog ; why distent light, though transmitted through blue or 
green g^ass, appears red ; why lamps at a distance, seen 
through the smoke of a long street, are red, while those that 
are near are white. To me same cai»e it is owing that a 
diver at the bottom of the sea is surrounded with the red 
light which has pierced through the superincumbent fiuid, 
and that the blue rays are reflected from the aurfaee of the 
ocean. Hence Dr. Halley informs us that, when he was in 
a diving bell at the bottom of the sea, his hand alwa3rs ap- 
peared red in the water. 

The blue rays, as already noticed, being unaUe to resist 
the obstructions they meet with in their course through the 
atmosphere, aro either reflected or abscnrbed in their passage. 
It is to this cause that most philosophers ascribe the bita 
colour of the $kyj the faintness and obscurity of dis^t ob- 
jects, and the bright azure which tinges the mountains of a 
distant landscape. 

SECT, in.— 'PHSNOMBKA OV THE RAINBOW. 

Since the rays of light are found to be decomposed by re« 
fracting surfaces, and reflected in an infinite variety of modes 
and shades of colour, we need not be surprised at the changes 
produced in any scene or object by the interventicm of ano- 
ther, and by the numerous modifications of which the priman 
colours of nature are susceptible. The vivid colours whicB 
^Id the rising and the setting sun must necessarily difler 
from those which adorn its noonday splendour. Variety of 
atmospheric scenery will thu3 nec^sarily be produced, 
greater than the most lively fancy can well imagine* The 
clouds will sometimes assume the most fantestic forms, and 
at other times will be irradiated with beams of light, or, 
covered with the darkest hues, will assume a lowering aspect, 
prognostive c^ the thunder's roar and the lightning's flasn, al! 
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n accordance with the different rays that ate reflected to our 
eyes, or' the quantity absorbed by the vapours which float in 
the atmosphere. 

Light, which embelHshes with so much magnificence a 
pure and serene sky, by means of innumerable bright starry 
ori» which are spread over it, sometimes, in a dark and cloudy 
sky, exhibits an ornament which, by its pomp, splendour, and 
variety of colours, attracts the attention of every eye that has 
an opportunity of beholding it. At certain times, when there 
is a shower either around us, or at a distance from us in an. 
opposite quarter to that of the sun, a species of arch or bow 
is seen in the sky, adorned with all the seven primary colours 
of light. This phenomenon, which is one of the most beau 
tiful meteors in nature, has obtained the name of the Rain-* 
BOW. Tlje rainbow was, for ages, considered as an inexpli- 
cable mystery, and by some nations it was adored as a deity. 
Even after the dawn of true philosophy, it was a considera- 
ble time before any discovery of importance was made as to 
the true causes which operate in the production of this phe- 
nomenon. About the year 1571, M. Fletcher, of Breslau,* 
made a certain approximation to the discovery of the true 
cause, by endeavouring to account for the colours of the rain- 
bow by means (5f a double refraction and one reflection. A 
nearer approximation was made by Antonio de Domim'sj 
bishop of Spalatro, about 1601. He maintained that the 
double refraction of Fletcher, with an intervening reflection f 
was sufficient to produce the colours of the bow, and also to 
bring the rays that formed them to the eye of the spectator, 
without any subsequent reflection. To verify this hypothe- 
sis, he procured a small globe of solid glass, and viewing n 
when it was exposed to the rays of the sun, with his back te 
that luminary, in the same manner as he had supposed the 
drops of ram were situated with respect to them, he observed 
the same colours which he had seen in the rainbow, and in 
the same order. But he could give no good reason why the 
bow should be coloured, and, much less, any satisfactory 
account of the order in which the colours appear. It was not 
till Sir I. Newton discovered the diflferent refrangibility of the 
rays of light, that a complete and satisfactory explanation 
could be given of all the circumstances connected with this 
phenomenon. 

As the full elucidation of this subject involves a variety of 
optical and mathematical investigations, I shall do little more 
than expkiii the general principle on which the prominent 
phenomena of the rainbow may be accounted for, and some 
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of the hci» and results which theory aAd obeerratioii kaye 
deduced. 

We hare just now alluded to an experiment with a glass 
glohe : If, then, we take either a solid glass globe, or a h^low 
globe fiUed with water, and suspend it so high in the solar 
rays abore the eye that the spectator, with his back to the 
sun, can see the globe redj if it be lowered slowly, he will 
see it oran^, then yellow, then green, then blue, then indigo, 
and then violet ; so that the drop, at difierent heights, shall 
present to the eye the seyen primitive colours in suocessicxu 
In this case, the globe, from its form, will act in s<xne measure 
like a prism, and the ray will be separated into its component 
parts. The following figure will more particularly illustrate 




this point. Suppose A (fig. 95) to represent a drop of caiu 
— ^which may be considered as a globe of glass in miniature, 
and will produce the same effect on the rays oi light-^-and 
let S D represent a ray from the sun falling upon the upper 
part of the drop at d. At the point of entering the drop it 
will suffer a refraction, land, mstead ot going forward to o« it 
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will be bent to K. From n a part of the light will be reflected 
to ^ — some part of it will, of course, pass through the drop. 
By the obliquity with which it falls on the sid^ of the drop 
at q, that part becomes a kind of prism, and separates the ray 
into its primitive colours. It is found by computation that, 
after a ray has suffered two refractions and one reflectim, as 
here represented, the least refrangible part of it, namely, the 
red ray, will make an angle with the incident solar ray of 
42** 2', as S F a ; and the violet, or greatest refrangible ray, 
will make, with the solar ray, an angle of 40° 17', as S c a ; 
and thus all the particles of water within the difference of 
those two angles, namely, V 45% (supposing the ray to pro- 
ceed merely from the centre of the sun,) will exhibit severally 
the colours of the prism, and constitute the interior bow of 
the cloud. This holds good at whatever height the sun may 
chance to he in a shower of rain. If he be at a high altitude, 
the rainbow will her low ; if he be at a low elevation, the rain- 
bow must be high ; and if a shower happen in a vale, when 
the spectator is cm a mountain, he will sometimes see the bow 
in the form of a complete ciroie below him. We have at pre- 
sent described the phencwnena only of a single drop ; but it 
is to be considered that in a shower of rain there are drops at 
all heiffhts and at all distances, and therefore the eye situated 
at will see all the difierent colours. All those drops that 
are in a certain position with respect to the spectator will re- 
flect the red rays, all those in the next station the orange, 
those in the next the green, and so on with regard to all the 
other colours. 

It appears, then, that the first or primary bow is formed by 
two refractions and one reflection ; but there is frequently a 
second bow on the outside of the other, which is considerably 
fainter. This is produced by drops of rain above the drop we 
have supposed at A. If B (fig. 35) represent one of these . 
drops, the ray to be sent to the eye enters the drop near the 
bottom, and suffers ttoo rtfraeiiona and two reflections, by 
which means the colours become reversed, that is, the violet 
is lowest in the exterior bow, and the red is lowest in the m- 
terioT one, and the other colours are reversed accordingly. 
The ray T is refracted at r : a part of it is reflected from s to t, 
and at t it suflers another reflection from t to u. At the points 
8 and T part of the jray passes through the drop, on account of 
its transparency, towards w and x, and therefore we say that 
part only of the ray is reflected. By these losses and reflec- 
tions the exterior bow becomes faint and ill-defined in compan- 
aon of the interior or primary bow. Ill this case the upper - 
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pari of the secondary bow will not be seen when the sun i« 
above 64** IC above the horizon, and the lower part of the bow 
w:ill not be seen when the sun is 60° 68' above the horizon. 

For the farther illustrations of this subject, we may intro- 
duce the following section of a bow, (fig. 36,) and, in order to 
prevent confusion in attempting to represent all the dif^rent 




colours, let us suppose only three drops of rain, and three dif- 
ferent colours, as shown in the figure. The spectator, O^ 
being in the centre of the two bows here represented-^the 
planes of which must be considered as perpendicular to his 
view — ^the drops A, B, and C produce part of the interior 
bow by two refractions and one reflection, as stated above, and 
the drops D, E, F will produce the exterior bow by.two re- 
fractions and two reflections, the sun's rays being represented 
by 3, 3. It is evident that the angle C O P is less than the 
angle BOP, and that the angle A O P is the greatest of the 
three. The largest angle, then, is formed by the red. rays, 
the middle one consists of the green, and the smallest the 
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{Nupple or Ywk^. All the drops of rain, therefore, that happei^ 
to be in a certain position with respect to the spectator's eye, 
will reflect the re3 rays, and form a band or semicircle of red, 
and so of the other colours from drc^s in other positions. If 
the spectator alters his station, he will see a bow, but not the 
same as before ; and if there be many spectators, they will 
each see a different bow, though it appears to be the same. 

The rainbow assumes a aemicirctuar appearance, because 
it is only at certain angles that the refracted rays are visible 
to our eyes, as is evjdent from the experiment of the fflass 
globe formerly alluded to, which will refract the rays only in 
a certain position. We hare already stated that the red rays 
make an an^ of 42** 2', and the violet an angle of 4(r 17'. 
Now, if a line be drawn horizontally from the spectator's eye, 
it is evident that angles formed with this line, of a certain 
dimension, in every direction, will produce a circle, as wiH 
appear by attaching a cord of a given length to a certain 
p(»nt, round which it may turn as round its axis ; and, in 
every point, will describe an angle with the horizontal line 
ci a ^certain and determinate extent. 

Sometimes it happens that three or more bows are visible, 
though with different degrees of distinctness. I have more 
thfui once observed this phenomenon, particularly in Edin- 
burgb» in the month of August, 1825, when three rainbows 
were distinctly seen in the same quarter of the sky, and, if I 
recollect right, a fragment of a fourth made its appearance. 
This happens when the rays suffer a third or fourth reflec- 
tion ; but, on account of the light lost by so many reflections, 
such bows are, for the most part, altogether imperceptible. 

If there were no ground to intercept the rain and the view 
jof the observer, the rainbow would fortn a compkte circle, the 
centre of which is diam^&trically opposite to the sun. Such 
circles are sometimes seen in tne spray of the sea or of a cas- 
cadej or from the tops of lofty mountains, when the showers 
happen in the vales below. Kainbows of various descriptions 
are frequently observed rising amid the spray and exhalations 
of waterfidls, and among the waves of the sea, whose tops are 
Uown by the wind into small drops. There is one regularly 
seen when the sun is shining, and the spectator in a proper 
position, at the fall of Staubmich, in the bosom of the Alps ; 
one near Schaffhausen ; one at the cascade of Lauffen, and 
one at the cataract ^ Niagara in North America. A stiU 
iXlore beautiful one is said to be seen at Terni, where the 
whole cuiTent of the river Velino, rushing from a steep pre- 
cipice oi I arly 200 feet hij^h, presents to the spectator below 
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a Taneciated circle, <>Tef-archiBg tlie MU and two otbe? bows 
suddenly reflected on the right and left. Don Ulloa, in tho 
account of his joumejs in South America, relates that circu- 
lar rainbows are frequently seen on the mountains abo^e 
Gluito in Peru. It is said that a rainbow was once seen near 
London, caused by the exhalations of that city, after the sun 
had been belpw the horizon more than twenty minutes.* A 
naval friend, says Mr. Bucke, informed me that, as he was 
one day watching the sun's effect upon the exhalaticms near 
Juan Fernandez, he saw upward of five-and-twenty ire$ 
marinm animate the sea at the same time. In these marine 
bows the concave aides were turned upward, the drops of 
water rising from below, and not falling firom above, as in the 
instances of the aerial arches. Rainbows are also occasion^y 
seen on the grass in the morning dew, and likewise when the 
hoar-frost is descending. Dr. Langwith once saw a bow 
lying on the ground, the colours of which were almost as 
hvely as those of a common rainbow. It was not round, but 
oblong, and was extended several hundred yards. The 
colours took up less space, and were much more lively in 
tho^e parts of the bow which were near him than in those 
which were at a distance. When M. Labillardiere was on 
Mount Teneriffe, he saw the contour of his body traced on 
the clouds beneath him in all the colours o^ the solar bow. He 
had previously witnessed this phenomenon on the Kesrotian, 
in Asia Minor. The rainbows of Greenland are said to be 
ifrequently of a pale white, fringed with a brownish yellow, 
arising from the rays of the sun being reflected from a frozen 
cloud. 

The following is a simunary view of the principal facts 
which have been ascertained respecting the rainbow : 1. T\t^ 
rainbow csm only be seen when it rains, and in that point of 
the heavens which is opposite to the sun. 2. Both the pri- 
mary and secondary bows are variegated with aU the pris- 
matic colours — the red being the highest colour in the pri- 
mary, or brightest bow, and the yiolet the highest in the 
exterior. 3. The primary rainbow can never be a greater 
arc than a semicircle ; and, when the sun is set, no bow, in 
ordinary circumstances, can be seen. 4. The breadth of tha 
inner or primary bow-^nsupposing the sun but a point — is 
1° 45', and the breadth of the exterior bow S*' 12^, which is 
nearly twice as grea* as that of the other ; and the distance 
between the oows is 8° 55'. But since the body of the sut 

* Philosoi^tciil Tnmeaetions^ yoL 1. p. 294. 
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mbtencb an ang^e of about half a de^ee» by so much thU 
each bow be increased, and their distance diminished ; and 
therefore the Inreadth of the interior bow will be 2** 15', and 
that of the exterior 3** 42', and their distance &" 25'. The 
greatest semi-diameter of the interior bow, on the same 
glToonds, will be 42® 17', and the least of the exterior bow 
60° 48'« &* When the sun is in the horizon, either in the 
morning &[ evening, the. bows will appear complete semi* 
circles.. On the other havd, when the sun's altitude is equa* 
to ^^'^ 2', or to 54'' 1(K, the sitomits of the bows will be de* 
pressed below the horizon. Hence, during the days of 
summer, within a certain interval each day, no risible rain* 
bcms can be formed, on. account of the sun's high altitude 
above the horizon, d. The altitude of the bows above the 
horizon or surface of the earth varies according to the eleva- 
ticxi ci the sun. The cdtitude, at any ^time, may be taken by 
a common quadrant^ or any other angular instrument ; but 
if the sun's altitude at any particular time be known, the 
height of the summit of any of the bows may be found by 
subtracting the sun's altitude from 42*^ %' for me inner bow, 
and frcMn 64° W for the outer. Thus, if the sun's altitude 
be 26°, the height of the primary bow would be 16° 2', and 
of the secondary, 28° W, It follows that the height and tht 
size of the bows diminish as the altitude of the sun increases. 
7. If the sun's altitude is more than 42°, and less than 64°, 
the exterior bow may be seen, though the interior bow is in- 
visible. 8. S(Mnetimes only a portion of an arch will be, 
vtmble, while all the oth^r parts of the bow are invisible. 
This happens when the rain does not occupy a space of suf- 
fid^t extract to complete the bow; and the appearance of 
this positicm, and even oi the bow itself, will be various, ac- 
cording to the nature of the situation, and the space occupied 
by the rain. 

The appearance of the rainbow may be produced by artifi- 
dal means at any time when the sun is shining and not too 
hi^ily elevated above the horizon. This is efiected by 
means of artificial founta^s, or jet cTeatis, which are intended 
to throw up streams of water to a great height. These 
streams, when they spread very wide, and blend together 
in their upper parts, form, when falling, a shower of artificial 
rain. If, then, when the fountain is playing, we move be- 
tween it and the sun, at ^ proper distance from the fountain, 
till our shadow point directly towards it, and look at the shower, 
we shall observe the coteurs of the rainbow strong ani vivid ; 
and, what is particularly worth)ifc of notice, the bow appears. 
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notw^SiBtandiiig^ tbe neoniess of the show^t to be • 
and as &r off as the lainbow which we..ftBe in a natmnat 
shower of rain. The same ezp^iment aiay be made hy. 
candlelight, and with any instnunent that will fona an axtm* 
eial shower. 

Lunar BmnbofVM.'^A lunar bow Is sometimes fcmned at 
niffht by the rays of the moon strildag^ on a rain«clou4], esp^* 
eiuly when ^ is about the full. But aoch a pheiwmeBes 
is rery rare* Aristotle is said to haTe considerBd himself the 
first who had seen a lunar rainbow. For more than a luiiH 
dred years prior to the middle of the last century, we find aafy 
two or three instances recorded in which aodli pheneoaena 
are described with accuracy. In the PhiloB(^>hical TnuMv 
actions for 1783,, howerer, we hare an account of three Imv- 
mg been seen in one year, and all in the same place, i>nt tbey 
are by no means common phenomena* I hare had an ap^ 
portunity within the last twenty years of witnessing two 
phenomena of this descripti(m, one of which was seem ai 
Perth, on a Sabbath evening in the autumn of 182&, and tb« 
other at Edinburgh, on Wednesday, the 9th of September, 
1840, about eight o'clock in the evening, o[ both which I 
^ve a detailed description in some of the public joumab« 
The moon, in both cases, was within a day or two of the foil ; 
the arches were seen in the northern quarter d the heav^aa* 
and extended nearly from east to west, the moon being no( 
far from the southern meridian. The bows i^peared distinct 
and well defined, but no distinct traces of the prismatic co< 
lours could be perceived on any of them. That which ap* 
peared in 1826 was the most distinctly ibrmed, and continued 
visible for more than an hour* The other was much fiunter* 
and lasted a Httle more than half an hour, dark doitds havings 
obscured the face of the moon. These bows bore a certain 
resemblance to some of the luminous arches which some* 
times accompany the Aurora Boreahs, and this latter pbe- 
nomenon has not unfrequentiy been mistaken for a lunar 
rainbow ; but they may be always distinguidi^ by attend- 
ing to the phases and position of the moon* If the moon 
be not visibk above the horizim, if she be in her first or last 
quarter, or H any observed phenomenon be not in a direction 
(^posite to the moon, we may ccmdude with certainty thatt. 
whatever appearance is presented, there is no lunar rainbow* 

The rainbow is an object which has engaged universal 
attention, and its beautiful colours and form have excited un}^ 
versal admiration. The poets have embellished their writings 
with many beautiiuj allusions to tl^ sjd^ftdid sieteor ; and 
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Ike pkjfttl tdioolljoy, while ▼ievring the ** ha^ imcktlxA^ 
Qfeent," has fivquently nm *^ to catcfi the faJlihg glory." Whm 
iti mn^ lests en the opposite stdes of a naKtow vwey, or Or 
the tiuaimiits of twoat^aoent moiintaina, its appeaianoe ia both 
beautiful and grand. In all probability, its figure fizsC sn^ 
gested the idea of arches^ wluch aire now f^nttd of so much 
utility in forming aqueducts and bridges, and tor adorning 
the architeG;ture of palaces and temples. It is sciarcely pos- 
siUe seriously to contemplate this splendid phenomenon 
without feeling admiration and gratitude toward that wise and 
beneficent Being whose hands have bent it into so graceful 
and majestic a form, and decked it with all the pride of co- 
tours. "Look upon the rainbow,'* says the son of Birachp 
" and praise Him that made it : very beautiful it is in the 
Ughtness thereof. It compasseth the heaven i^Kmt with a 
l^xioufi ciide, and the hands of the Most Hi^h have bended 
It." To this grand ethereal bow the inspired \i^iter8 fre^ 
^oentiy allude as one of the emUems of the majesty and 
ralesdour of the Almighty. Jn the prophecies of Ezekielf 
l£gB. throne of Deity is represented as adorned with a bright* 
ness.^' like the appearance of the bow that is in the cloud HI 
the day of rain— the appearance erf the likeness of the glory 
of Jehovah." And, in the visions xecorded in the Book of the 
Bevelation, where the Most High is represented as sitting 
ttpc» a throne, " there was a rainbow roundabout the throne, 
^eiglitiike unto ah emeiakl," as an emblem of hiiB pi^kious 
diameter, and of his fieuth^ifaieiis and mercy. After the dc> 
bge, this bow ww appmnted as a signaad m^moriai of th^ 
corrcoant which God made with No«i aind his aoas, that 4 
ftxrf of wailecs should never a^rain be p^vmitted'te deluge ihi 
mA and ks inhi^tantB) and lea pk4ge of iaviolibk m^^ 
iwl Brruie benignity .t When, thereifove, weat^my time be* 
Md "the bow m the ck)od," we have not only a bea«tiM 

* Ecclesiasticus, zliii. 11, 12. 

t It 18 a question which has been frequently started, Whether ther^ 
was waj rambow before the flood t Some have ooncefved that ikb rain* 
bow waa aometliiag of a mincHtous pro4«Qtion, aod ^t it ww aevar 
seen before the flood. Thfi equivocal ^nsc of the word "ast," in our 
tranalslion, has occasioned a mistaken impresdon of this kind. The He- 
brew word, thus translated, signifies more properl]^ " I do give," or " I 
appoimt.** The whole passage m reference. to thi/B circumstaace, literally 
tranalated, runs thus : " I appoint my bow which is in the cloud, that ii 
may be for a sign 6r token of a covenant between me and the earth ; ai^ 
it shall come to pass, when I bring a cloud over the earth* anu the bo^ 
shall be seen in the cloud, that I will remember my covenant that |s b«e* 
tween me and you,'* &c. As the rainbow is groduced by ibfi itfNPlHP- 
ble laws4^ref»ctionand reflection, as applied to t^ n^ ^ ,^ $m 
Mriiang dnjr<q(ka of (ailing mn, ^ pn$o93mfvm wm^ m>» M«>f 

Vot. Et. II 
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and sublime pbienomenon pppsented to the eye of. sense » b«t 
also a memorial exhibited to the m'ental eye, assuring us tbat, 
•♦While the earth remaineth, seed-time snd harvest, and cold 
and heat, and summer and winter, and day and night, «AaS 
fwt cease.'^ 

** Ob the brood iky is seen 
A dewy cloud, and in the cloud a bow 
Conspicuous, with seven listed colours gay, 
Betokening peace with God and covenant new. 
He givea a promise never to deiAroy 
The earth again by flood, nor let the sea 
Surpass his bounds, nor rain to drown the world." 

MUtoHf Par. Lott, book zL 

aSGT. IV.— REFLECTIONS ON T^E fiSAVTY AND ITTILITT Of 
COLOUKS. 

C(^ur is one of the properties of light, which constitutes 
chiefly the beauty and sublimity of the universe. It is co- 
lour, in all its diversified shades, which presents to our "view 
that ahnoet infinite variety of aspect ^ich appear^ on the 
scene of nature, which gives del^t to the eye and the im^ 
agination, and which adds a fresh pleasure to every new 
landscape we behold. Every flower which decks our fiehis 
and gardens is compounded of diflerent hues ; every plain is 
covered with shrubs and trees of different degrees of'verdure ; 
and almost every mountain is clothed with herbs and grfass 
of diflerent shade fnnn those which appear on the hills and 
landscape with which it is surrounded. In the country, duiu 
ing summer, nature is every day, and almost every hoar, 
varjring her appearance by the multitude and variety of her 
hues and decorations, so that the eye wanders with pleasure 
over objects continually diversified, and extenchng as far as 
the sight can reach. In the flowers with which every hoi^ 
scape is adorned, what a lovely assemblage of -colours, and 
what a wonderful art in the disposition of their shades ! Here 
a light pencil seems to have laid on tl^e delicate tints ; there 
they are blended according to the nicest rules of art. Al- 
though green is the general cojour which prevails ovet the 
scene of sublunary nature, yet it is diversified by a thousand 
difllerent shades, so that every species of tree, shrub, and 

aionally exhibited fi-om the beginning of the world ; unless we suppose 
that there was no rain before the flood, and that the constitution ol* 
things in the physical system was very different from what it is now. 
The passage affirms no more than that the rainbow was then appoinled 
to be a symbol of the covenant between God and man ; and, altnough it 
may have been firequentl v seen before, it would serve the purpose of a 
sign equally well as if it had been miraculously formed for this purpose, 
andeven better, as its frequent appearance, according to natural laws^ m 
a p^etual memorial to man of the Divine faithfulness and mercy. 
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herb is clothed with its own peculiar veidtire. The dark 

Eof the f(»ests is thus easily distinguished from the 
r shades of corn-fields and the verdure of the lawns, 
ystem of animatted nature likewise displays a dkersi- 
ied assemblage of beauti^l colours. The plumaige c^ hirds, 
the brilliant feathers of the peacock, the ruby and emerald hues 
which adorn the litde humming-bird, and the various em- 
bellishments of many species of the insect tribe, present 
to the eye, in every region of the globe, a scene <^ diversi- 
fied beauty and embellishment. Nor is the mineral kingdom^ 
destitute of such embellishments ; for some of the darkest 
and most unshapely stones and pebbles, when polished by 
the hand of art, display a mixture of the most delicate and va- 
H^fated colours. All which beauties and varieties in the 
Kem around us are entirely owing to that property, in every 
ray of light, by which it is capable of being separated into 
the primitive colours. 

To the same Cause, likewise, are to be ascribed those beau- 
tW and diversified appearances which frequently adorn the 
feoe of the sky-^the yellow, orange, and ruby hues which 
embellish the firmament at the rising of the sun, and when 
he is about to descend below the western horizon; and those 
aiBrial landscapes, so frequently beheld in tropical climes, 
^ere rivers, castles, and mountains are depicted rolling over 
each other along the circle of the horizcm. The clouds, es- 
pecially in some Countries, reflect almost every colour in na- 
ture. Sometimes they wear the modest blush of the rose; 
swnetimes they appear like stripes of deep vermilion, and 
sometimes as large, brilliant masses tinged with various hues; 
now they are white as ivory, and now as yellow as natitre 
gdd. In some tropical countries, according to St. Pierre, 
the clouds roll themselves up into enormous massas as white 
as snow, and are piled upon each other like the Cordelien 
of Peru, and are moulded into the shapes of mountains, of 
caverns, and of rocks. When the sun sets behind this mag- 
nificent and aerial network, a multitude of luminous rays are 
transmitted liirough each particular inieratice, which produce 
8Qcb an efiect that the two sides of the lozenge illuminated 
by them have the appearance of being begirt with a fillet of 
gold; and the other two, which are in the shade, seem tinged 
wiA a superb ruddy orange. Four or five divergent streams 
of light, emanating from the setting sun up to the zenith, 
clothe with fringes of gold the undeterminate sununits of this 
celestial barrier, aiid proceed to strike with the reflexes of 
their fires the pyramids of the cdlateral aerial mountaimu 



#)itl)h tisen Mf^ftf to odmiat 9f mhei and TonBitioH. la 
vbnrU ealoilr JuvenifiM ev^ry suUunary sceae, whether on 
Um Mcrth or im the fttinMpfiere; it imparts a beaiUy to thdi 
phfBCiheiui of foUiBf tiftrs, of lumuioua archeai^ u»d die 
C^mtc^oiM rf tko Aurom BoieiiliSf tad fivai a splexkLo^ 
and imUiimty to tlie fpaeious vault of heaTeo. 

Let at new eoaeider for a moiDeat wk^t wpuld be the at- 
peet of natote iff instead of the beautiful variety of esibel^shf* 
jA9tit$ which now appear on every landscape, and on the 
Qonfiave of the sky, wu uniform cc^ur had been thrown over 
At notn^ty of the universe. Let us conceive the whok of 
te^rMrial nature to be covered with snow, so that n(A an ob- 
jeet osa eaith Aould i^ppear with any other hue, and that tbA 
?aat etpaaaei of the firmament presented precisely the aama 
wifonn aspect. What wouJd be the consequence? The light 
K th^ sun weuld be strongly reflected fr<»i all the dbjecta 
within the bounds of our horizon, and would produce a lustie 
whi^ weuld daaale every eye. The day would aci^iire a 
frteliff bri0hfm9§ than it now exhibits, and our eyes sug ht^ 
aA^ some time, be enaUed freely to expatiate ever the suf^ 
imt^itig landscape; but every thing, though enlightensdt 
weuid appear cmfuud^ and particular objects wei:^ scarcely 
^ distinffutehdbie. A tree, a. house, or a church nmur at 
hand might possibly be distinguished, on account of its eleva- 
tion above the generd surface of the ground, and the bed of 
of a livear by reason of its being depressed below it. But we 
should be Oblk^ed rather to girass, and to form a coniecfture as 
to the piurtieular object we wished to distinguish, than to ar- 
rive at any certain conclusion respecting it ; and if it lay at a 
considerable distance, it would be impossible, with any degr^ 
pf probability, to discriminate any one object from another. 
Notwithstanding the universal brightness of the scene, the uni- 
^nrmity of colo^r thrown on every object would most certainly 
prevent us from distinguishing a church from a palace, a cot- 
tage from a knoll or heap of rubbish, a splendid mansion &om, 
rugged rocks, the trees from the hills on which they grow, 
er a barren dei^ert from rich and fertile plains. In such a 
Caae, human beings would be confounded, and even fziesxds 
And neighbours be at a loss to recosfnise one another. 

The vault of heaven, too, would wear a uniform aspect. 
Neither planets uoa comets would be visible to any eye, nor 
^ofie miUions of stars which now shine forth with so much 
brilliancy, and diversify the noctural sky ; for it is by the con- 
trast produced by the deep azure of the heavens and the 
wbitd rad'aQce of the stars that those bodies are rendered 
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▼idble. Were they depicted on a pure white ground, they 
woald not be distinguished from that ground, and would, con- 
sequently, be invisible, unless any of them occasionaUy as- 
sumed a difierent colour. Of course, all that beautiful variety 
of aspect which now appears on the face of sublunary nature 
— the rich verdure of the fields, the stately port 6f the forest, 
the rivers meandering through the valleys, the splendid hues 
that diversify and adorn our gardens and meadows, the gay 
colouring of the morning and evening clouds, and all that 
^rariety which distinguishes the different seasons, would en- 
tirely disappear. As every landscape would exhibit nearly 
the same aspect, there would h6 no inducement to the poet 
and the philosopher to visit distant countries to investigate 
the scenes of nature, and joumeyings from one region to 
unother would scarcely be productive of enjoyment. Were 
any other single colour to prevail, nearly the same results 
would ensue. Were a deep ruddy hue to be uniformly 
spread over the scene of creation, it would not only be of- 
fensive to the eye, but would likewise [prevent all distinction 
of ol^ects. Were a dark blue or deep violet to prevail, it 
wooid produce a similar efi^ct, and at the same time present 
the scene of m^ure as covered with a dismal gloom. Even 
if creation were arrayed in a robe of green, wnich is a more 
^pleasant colour to the eye, were it not diversified with the 
dififerent shades it now exhibits, every object would be equally 
andistingui^able. 

Such would have been the aspect of creation, and the in- 
conveniences to which we should have been subjected, had 
the Creator afibrded us light without that intermixture of co- 
lours which now appears- over all nature, and which serves 
to discriminate one object frcan another. Even our very 
apartments would have been tame and insipid, incapable of 
the least degree of ornament, and the articles with whic^ 
they are furnished ahnost undistinguishable, so that, in dis- 
criminating one object from another, we should have been 
as much indebted to the sense of touch as to the sense of 
vision. Our friends and fellow-men would have presented 
no objects of interest in our daily associations. The spark- 
ling eye, the benignant smile, the modest blush, the blended 
hues of white and vermilion in the human face, and the beau- 
ty of the female countenance, would all have vanished, and 
we should have appeared to (me another as so many moving 
marble statues, cast nearly in the same m ould . But what would 
have been. Worst of all, the numerous delays, uncertainties 
and perplexities to which we should have been subjected, 

11* 
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luid we be^n trhder thd iieeeMity rreiy nHxn^nt of distinguii* 
lug objects by tmitw of rea«omn jr, a^ by circiinntanc«« of 
^me, pkc^, and relative position? An artkt, when eooi- 
in^cing his woik in the inommg, with a hundred tdoh of 
nearly the same size and shape around him, would ktirt 
is()ent t considerable portion of his time before he eoold ^a^e 
teiected thoee pfoper f&r his purpose, or the objects to wliioti 
th^y were to be lipplied; and in erery department ci society, 
«tta in all our excursions from one place to tnother, nnuki 
tf^fiicuhies Htnd perplexities would hare occurred, l^he cme- 
half of our thne must thus hare been employed in nticertaia 
guesses and perplexing reasonings rejecting the real iiBt«re 
and indiriduality of objects, rather than in a regular train ci 
thinking and of employment ; and after all our pexpiezities 
'and conjectures, we must have remained in the utniofltt his>- 
tertainty as to the thousands of scenes and objects w^kieh are 
now obrious to us, through the instrumentality of oololirB, n 
*oon as we q>en our eyes. 

In short, without colour we could haye had no books nor 
^^nritings: we could neither have corresponded witfaL oitr 
friends by tetters, nor have known any thing with eerUunty 
of the events which hiappened in fbnner ages. No written 
revelation of the will of Qod, and of his character, such Ss 
we now enjoy, could have been handed down to us fraia ye- 
tnoffe periods and generations. The discoveries of science 
and the improvements of art would have remained unrecorded. 
Onlversal ignorance would have prevailed throughout the 
World, and the human mind have remained In a state of de- 
inbrali^tion and debasement. All these, and mai^ other 
incoft veniencies and evils wouM haVe ineritabiy fblbWed* had 
not God painted the rays of light with a diversity of colours. 
And hence we may learn that the most important scenes sad 
events in the universe may depend upon die existence of a 
single principle in nature, and even upon the most minute 
circumstances, which we may be apt to overlook, in the ar^ 
rangements of the material world. 

In the existing state of things in the visible creaticn^ -we 
cannot but admire the wisdom and beneficence of the Deity 
in thus enabling us to distinguish objects hy so easy and ex- 
peditious a mode as that rf colomr^ which in a moment dis- 
criminates every object and its several rekitions. We rise in 
the morning to our tespectivte emplo3rments, and our food, our 
drink, our tools, our books, and wlu^ver is requisite for ou r 
comifbrt, are at once discriminated. Without me kai^ hesi- 
ta^iohor tineertainty, and without any perplexing process c^ 
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fme^kmg, we can lay our hands on: whatever artieleB we re- 
^me. Colour clothes every object with its peculiar livery, 
md infallibly directs the hands in its movements, and the eye 
i^ its surreys and contemplations. But this is not the only 
ad which the Divine Being had in vi»w in impressing on 
^ lays of light a diversity of colours. It is evident that he 
likewise intended to minister to our pletawea as weU as to our. 
wmts. To every man of taste, and almost to every human 
teing, the comlnnation of colours in flowers, the delicate tmts 
trith wych they are painted, the diversified shades of green 
with which the hilb and dales, die mountains and the vales 
aiewmyed, and that beautiful variety which appears in a 
bright summer day rni all the objects of this lower ereatioio:, 
me sources of the putest enjoyment and delight. It is cc^our, 
tto, as well as mi^fnitude, that adds to the subHndty oi ob- 
JBCb. Were the cinopy of heaven of one uniform hue, it 
woM £ul in producing those lofty conceptions^ and those 
iblig^ul and transporting emotions, which a conten^dation 
«f its augmt scenery is calculated to inspire. Ccdours are 
likewiK of considerable iitib'ty in the intercourse of general 
kmetf. They serve both for ornaments, and for distinguish- 
ing the difierent ranks and conditions of the ccnnmunity ; 
they add to the beauty and .gracefulness of our fumtture and 
Nothing. At a glance, they enable us at once to distinguidi 
t^ noble from the ignoble, the prince from his subjects, the 
fliaster from hk servant, and the widow, clothed with sable 
weeds, from the bride adorned with her nuptiaJ ornaments. 

Since colours, then, are of so much value and importance, 
tkey may be reckoned as holding a rank among the noUest 
Bitural gifts of the Creator. As they are of such essential 
service to the inhabitants of our globe, there can be no doubt 
to they serve similar or anak^ous purposes throughout all 
the worlds in the universe. The colours displayed in the 
.lokur beams are common to all the globes which compose the 
pkmetary system, and must necessarily be reflected, in aH 
their diversmed hues, firom objects on their surfaces. The 
Mght which radiates from the fixed stars displays a simiKr 
diversity of coionis. Some of the double stars are found to 
emk Hght of difierent hues ; the kiger star exhibiting light 
of a ruddy or orange hue, and the smaller one a radiance 
which approaches to blue or green. There is, therefMre, 
Teason to conclude Uiat the objects connected with the pknets 
which revolve round sueh stars — ^being occasionally enlight- 
ttied by suns of diferent hues — ^will display a more varie- 
jpited a<ld splendid scenery of coteuring than is ever beheld 
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in the woWd on which we dwell ; and that one of the distin- 
guishing characteristics of difierent worid8,in regard to their 
embellisnments, maj consist in the splendour and variety oi 
colours with which the objects on their surfaces are adorned. 
In the metaphorical description of the fflories of the New Je- 
rusalem» recorded in the Book of Rerektion, one of the chi^ 
characteristics of that city is said to consist in the splendour 
and diversity of hues with which it is adorned. It is repre- 
sented as ** coming down from heaven, prepared as a bride 
adorned for herhuMband*^ and as reflecting all the beautiful 
and variegated colours which the finest gems on earth can 
exhibit ; evidently indicating that splendour and variety of 
colouring are some of the grandest features of celestial scenery. 
On the whole, the subject of c(^ours, when seriously con* 
sidered, is calculated to excite us to the adoration of the good- 
ness and intelligence of that Almighty Being whose wisdom 
planned all the arrangements of the universe, and to intfiire 
us with gratitude for the numerous ccmveniences and pleasures 
we derive frc»n those properties and laws he has impressed 
on the material S3rstem. He might have afiS»rded us Ugeht, 
and even splendid illumination, without the pleasures and 
advantages which diversified colours now produce, and man 
and other animated beings might have existed in such a state. 
But what a very difierent scene would the world hare pre- 
sented from what it now exhibits ! Of how many thouswds 
of pleasures should we have been deprived ! and to what 
numerous inconveniences and perplexities should we have 
been subjected ! The sublimity and glmes of the firma- 
ment, and the endless beauties and varieties which now 
embellish our terrestrial system, would have been for ever 
unknown, and man could nave had little or no incitement to 
study and investigate the works of his Creator. In this, as 
well as in many other arrangements in nature, we have a 
sensible proof of the presence and agency of that Almighty. 
Intelligence **in whom we live, and move, tmd have our 
being." None but an infinitely Wise and Beneficent Being, 
intimately present in a]l places, could thus so regularly create 
in us, by means of colour, those exquisite sensations which 
afiford so much delight, and which unite us, as it were, with 
every thing around us. In the diversity of hues spread oVer 
the face of creation, we have as. r^l a display of the Divine 
presence as Moses enjoyed at the burning bush. The only 
diflference is, that the one was out oi the common order of 
Divine procedure, and the other in accordance with those 
permanent laws which regulate the econwny of the universe. 
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In every colour, then, which we eonteniidaie, we hftve a sen- 
sible memorial of the presenee of that Being ^* whose Spirit 
garnished the heavens and laid the foundations of the earth," 
pd whose «* merciful visitaticm" sustains us every moment 
m existence. But the revelation of God to our senses, through 
the various objects c^ the material world, has become so &mir 
liar, that we are aJH to forget the Author <rf aU our «ijc^- 
ments, even at the moment when we are investigating ms 
works and participating of his benefits. *^ O that men would 
praise Jehovah for his goodness, and for his wonderful wodn 
towards the children of men." 



PART II. 
ON TELESCOPES. 



CHAPTER I. 

iiwrokt or tmt invxntion of telescopes. 

l^s telescope is an optical instrument for viewing objects 
at a distance. Its name is compounded of two Greek words* 
r^, which signifies at a distance or far off^ and <»o^ttr, 
io view or to corUemplate, By means of telescopes, remote 
objects are represented as if they were near, small apparent 
magnitudes are enlarged, confused objects are rendered dis«* 
tinct, and the invisible and obscure parts of very distant 
scenes are rendered perceptible and clear to the organ of 
vision. The telescope is justly considered as a grand Imd 
noble instrument. It is not a uttle surprising that it should 
be in the power of man to invent and construct ah instrument 
by which pbjects too remote for the unassisted eye to dis« 
tmguish, should be brought within the range of distinct vision, 
as if they were only a few yards from our eye, and that 
thousands of august objects in the heavens, which had been 
concealed from mortals for numerous ages, should be brought 
within the limits of our C(»itemplation, and be as distinctly 
p^cmved as if we had been transported many millions of 
nuks ftom the spa^ we occupy through the cak«tial. regions 
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The celebrated Hvty^fiOB remarks, in reference to this inatra- 
ment, that, in his opinion, '* the wit and industry of man has 
not produced any thing so noble and .so worthy of his fiicol- 
ties as this sort of knowledge, (namely, of the telescope i) 
insomuch that if an^ particuhr person had been so diligent 
and sagacious as to invent this instrument from the principles 
of nature and geometry, for my part, I should have thought 
his abihties were more than human ; but the case is so far 
from this, that the most limned men have not jret been able 
sufficiently to explain the reason o( the efiects of this casual 
invention," 

The persons who constructed the first telescopes, and the 
exact period when they were first invented, are involved in 
some degree of obscunty. It does not certainly appear that 
such instruments were known to the ancients, although we 
ought not to be perfectly decisive on this point. The cabinets 
of the curious contain some very ancient gems of admirable 
workmanship, the figures on. which are so small that they 
appear beautiful through a magnifying glass, but altogether 
confused and indistinct to the naked eye ; and thereS»re it 
may be asked. If they cannot be viewed^ how could they be 
wrought^ without the assistance of glasses ? And as sc»ne 
of the ancients have declared that the moon has a form like 
that of the earth, and has plains, hills, and valleys in it, how 
could they know this, unless by mere conjecture, without the 
use of a telescope ? And how could they have known that 
the Milky Way is formed by the combined rays of an infinite 
number of stars ? For Ovid states, in reference to this zone, 
•• its groundwork is of stars." But, whatever knowledge the 
ancients may have possessed of the telescope or other optical 
glasses, it is quite evident that they never had telescopes of 
such size and power as those which we now possess, and 
that no discoveries in the heavens, such as are now brought 
to light, were made by any of the ancient astronomers, other- 
wise some allusions to them must have been found in their 
writings. 

Among the modems, the illustrious Friar Bacon appears 
10 have acquired some rude ideas respecting the construction 
of telescopes. " Lenses and specula," says he, " may be so 
figured that one object may be multiplied into many, that 
those which are situated at a great distance may be made to 
appear very near, that those which are small may be made 
to appear very large, and those which are obscure very plain; 
and we can make stars to appear wherever we will." From 
these expressions, it appears highly probaUe that this pbi]i> 
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sopher was acquainted widi the general principle both of tefe* 
scopes and microscopes, and that he may have constructed 
telescopes of small magnifying power for his own observaticai 
and amusement, although they never came into general use. 
Hej^ras a man of extensive learning, and made so rapid a 
progress in the sciences, when attending the University of 
Paris, that he was esteemed the glory of that seat of learning. 
He prosecuted his favourite study of experimental philosophy 
with unremitting ardour, and in this pursuit, in the course 
of twenty years, he expended no less than i6200Q in experi- 
ments, instruments, and in procuring scarce books. In con- 
sequence of such extraordinary talents and sdch astonishing 
progress in the sciences in that ignorant age, he was repre- 
sented, by the envy of his illiterate fraternity, as having 
dealings with the dfevil ; and, under this pretence, he was 
restrained from reading lectures, and at length, in 1^8, when 
sixty-four years of age, he was imprisoned in his cell, where 
he remained in confinement for ten years. He shone like a 
single bright star in a dark hemisphere — ^the glory of our 
country— and died at Oxford, in the year 1294, in the 
eightieth year of his age. " Priar Bacon," says the Rev. 
m, Jones, " may be considered as the first of English philo- 
sophers ; his profound skill in mechanics, optics, astronomy, 
and chemistry would make an honourable figure in the pre- 
sent age. But he is entitled to farther praise, as he made all 
his studies subservient to theology, and directed all his 
writings, as much as could be, to the glory of God. He had 
the highest regard for the sacred Scriptures, and was per- 
suaded they contain the principles of all true science." 

The next person who is supposed to have acquired a know- 
ledge of telescopes was Joannes Baptista Porta, of Naples, 
who flourished in the sixteenth century. He discovered the 
Camera Obscura, the knowledge of which might naturally 
have led to the invention of the telescope ; but it does not 
appear that he ever constructed such an instrument. Des 
Cartes considers James Metius, a Dutchman, as the first con- 
structor of a telescope, and says that, " as he was amusing 
hunself with making mirrors and burning-glasses, he casually 
thought of looking through two of his lenses at a time, and 
found that distant objects appeared very large and distinct." 
Others say that this great discovery wus first made by John 
lippersheim, a maker of spectacles at Middleburg, or, rather 
by his children, who were diverting themselves with looking 
through two glasses at a time, and placing them at different 
distances frwn each other. But BoreUus, who wrote a book 
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^ on the inTentkn of the telescope/^ gtv^ this honour tb 
2iachaTias Jaoten, another tpectack-maker in the same toiwiif 
who, he sa^ made the first telescope in 1600. Jansen Yras 
a diligent impiirer into natuie, ana, heing encaged in such 
ponuits, he was trjring what use could be made of lenses far 
those purposes, when he fbitunately hit upon the construo- 
tion* Having found the arrangement of glasses which pro- 
duced the OTOCt desiied, he endosed thona in a tube, and ran 
with his instrument to Prince Maurice, who, imme^iatelr 
4M)nceiying that it might be of use to him in his wars, desired 
the author to keep it a secret. Such are the rude concep- 
tions and selfish views of princely umrriortf who would apphr 
every invention in their power for the destruction of mankind. 
But the telescope was soon destined to more noble and 
honourable achievements. Jansen, it is said, directed his in- 
strument towards celestial objects, and distinctly saw the 
spots on the surface c^ the moon, and discovered many new 
stars, particularly seven pretty considerable ones in the Great 
Bear. His son Joannes is said to have noticed the lucid 
circle near the lower limb of the moon, now named ^cho 
fr(xn whence several bright rays seem to dart in di&reni 
directions. In viewing Jupiter, he perceived two, sometimes 
three, and, at the most, four small stars, a little tibore or below 
him, and thought that they performed revc^utions around him. 
This was probably the first observation of the satellites dl 
Jupiter, though the person who made it was not aware of the 
importance cf his discovery.* 

It is not improbable that different persons about Middlebu^ 
•hit upon the invention, in difiTerent modes, about the saw 
time. Ldppersheim seems to have made his first rude t^e- 
scope by adjusting two glasses on a board, and supporting 
them oa brass circles.t Other workmen, particulariy Metitji^ 
and Jansen, in emulation of each other, seem to have made 
use of that diiK^overy, and, by the new form they gave it, 
made all the honour of it their own. One of them, consider- 
ing the eflSects of li^t as injurious to distinctness, pJaced the 
glasses in a tube blackened within. The other, still more 
cautious, placed the same glasses within tubes capable of 
sliding aae in another, both to vary the prospects, by length- 
ening the instrument, according to the pleasure of the ob- 

. * Though Borellus mentions this circumsttnce, yet there m some rs** 
son to doubt the accuracy of this statement^ as young Jansen iqipea|« 
to have been at that period not more than six years old ; so that it If 
more probable that Galileo was the first disooy«rerT>f Jupiter's satellites, 
t The reader may see an ent^yiiw of this iosinuB^nt in IhftaallMr'j 
wofk eatitled ^* The impruvmefU tf SdcUtify* p. 176. 
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server, and to render it portable and commodious. Thus it 
is probable that different persons had a share in the inven« 
tion, and jointly ccmtributed to its improvement. At any . 
rate, it is undoubtedly to the Dutch that we owe the original 
inventiMi. The first telescope made by Jansen did not ex- 
ceed fifteen or sixteen inches in length, and therefore its 
magnifying power could not have been very great. 

The &mous Galileo has frequently been supposed to have 
been the inventor of the telescope, but he acknowledges that 
he had not the honour of being the original inventor, having 
fiat learned from a Qerman that such an instrument had at 
ready been made ; although, from his own account, it appears 
that he had actually^ re-invented this instrument. The follow- 
iig is the account, m his own words, of the circumstance which 
led him to construct a telescope : " Nearly ten months ago, 
(namely, in April or May, 1609,) it was reported that a certain 
Dutchman had made a perspective through which many dis- 
tant objects appeared distinct as if they were near. Several 
effects of this wonderful instrument were reported, which some 
believed and others denied ; but, having it confirmed to me a 
few days after by a letter from the noble John Badoverie, at 
Paris, I appUed myself to consider the reason of it, and' by 
what means I might contrive a similar instrument, which I 
^rward attained to by the doctrine of refractions. And, 
fiwt, I prepared a leaden tube, to whose extremities I fitted 
two spectacle-glasses, both of them plane on one side, and on 
the other side one of them was spherically convex, and the other 
coocave. Then applying my eye to the concave, I saw objects 
appear pretty lai^ and pretty near me. They appeared tliree 
tunes nearer and nine times larger in surface than to the naked 
fye; and soon after I made another, which represented ob- 
jects about sixty times larger, and eight times nearer ; and 
&t last, having spared no labour or expense, I made an instru- 
ment 80 excellent as to show things almost a thousand times 
IwTger, and above thirty times nearer than to the naked eye." 
In another part of his writings, Galileo informs us that "he 
'^ at Venice whea he heard of Prince Maurice's instru- 
(oent, but nothing of its construction ; that the first night after 
tie returned to Padua he solved the problem, and made his in- 
strument the next day, and soon after presented it to the dogo 
<it Venice, who, to do him honour for his grand invention, gave 
him the ducal letters which settled him for life in his lecture- 
ship at Padua ; and the RepubHc, on the 25th of August, in the 
same year, (1610,) more than tripled his salary as professor." 

The following is the account which this phalosopher gives 

Vol. IX. 12 
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of tiie procett of reasoning which led him to the constr^ietioB 
of a telescope : *« I argued in the following manner : Theeop- 
trirance consists either of one glass or more : one is not suffi* 
cieat, since it must be either cohtoi, concave, or pbine ; the 
last does not produce any sensible alteration in objects^ the 
ooncare diminishes them ; it is true that the convex magnifiesi, 
but it renders them confused and indistinct ; consecmenuy, cme 
glass is insufficient to produce the desired efiect. Proceeding 
to consider two glasses, and bearing in mind that the pfatse 
glass causes no change, I determined that the instrument could 
not consist of the combination of a plane glass with either of die 
other two. I th^^fore apphed myself to make experiments 
on combinations of the two other kinds, and tfata obtained 
that of which I was in search.^' If the true inventor is the 
person who makes the discovery by reasoning aad refiection^ 
by tracing facts and principles to their consequences, and by 
applying his invention to important purposes, then Ghdileo 
may be considered as the real inventor of the telescope. No 
sooner had he constructed this instrument— -before he had 
seen any similar one— than he directed his tube to the celes- 
tial regions, and his unwearied diligence and ardour were 
soon rewarded by a series of new and spkndid discoveries. 
He described the four satellites of Jupiter, and marked the 
periods of their revolutions: he discovered the phases of 
Venus, and thus was enabled to adduce a new proof of tKe 
Copemican system, and to remove an objection that had 
been brought against it. He traced on the lunar orb a re- 
semblance to the structure of the earth, and plainly perceived 
the outlines of mountains and vales, casting their shadows 
over different parts of its surface. He observed that, w^en 
Mars was in quadrature, his figure varied slightly from a 
perfect circle, and that Saturn consisted of a triple body, 
having a small globe on each side, which deception was 
owing to the imperfect power of his telescope, which wafs in- 
sufficient to show him that the phenomenon was in reality a 
ring. In viewing the sun, he discovered large dark spots on 
the surfstce of that luminary, by which he ascertained that 
tliat mighty orb performed a revolution round its axis. He 
brought to view mukitudes of stars imperceptible to the 
naked eye, and ascertained that those nebulous, appearances 
in the heavens which constitute the Milky Way consist of s 
vast collection of minute stars too closely compacted together 
to produce an impression on our unassisted vision. 

The results of Graliieo's observations were given to the 
world in a smaH work, entitled **NunciMt 6luler9U^^* ©i 
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**Nm8 from the Starry Regione/' which produeed ma m^ 
traordintry sensation among the learned. These discoveries 
9om spread throughout Europe, and were incessantly talked 
^ and were the cause of much speculation and dehatenmong 
tki circtes of philosophers. Many doubted ; many positively 
wfbsed to beiiere so novel and unlooked-for announcements, 
because Uiey lan counter to the philosophy of Aristotle, and 
all &6 prec(Hiceived notions which then 'previuled in the 
{earned world. It is curious, and may be instructive, to con- 
Bider to what a length of absurdity ignorance and prejudice 
carried many of those who made pretensicois to learning and 
science. Some tried to reason against the facts alleged to be 
^bscovered ; others contented themselves, and endeavoured 
to satisfy others with the simple assertion that such things 
were not, and could not possibly be ; and the manner in which 

S' supported themselves in their incredulity was truly ridi- 
us. " O my dear Kepler," says Galileo, m a letter to that 
astronomer, " how I wish we could have one hearty laugh to* 
gether. Here at Padua is the principal professor of philo- 
8q)hy, whom I have repeatedly and urgently requested to 
look at the moon and planets through my glass, which hi 
ftrHnamiishf r^vses to do^ lest his opinions should be overr 
tamed. Why are you not here ? what shouts of laughter 
we should have at this glorious folly ! and to hear the pro- 
iessor of philosophy at Pisa labouring with the Ghrand-duke 
with k)gical arguments, as if with magical incantaticms to 
charm the new planets out of the sky." Another opponent 
of Galileo, one Christmann, says, in a book he published, 
**We are not to think that Jupiter has four satellites given 
him by nature, in order, by revolving round him, to immortal- 
ize the Medici who first had notice of the observation. These 
are the dreams of idle wen, who love ludicrous ideas better 
than our laborious and industrious correction of the heavens. 
Nature abhors so horrible a chaos, and to the truly wise such 
vanity is detestable." One Martin Horky, a would-be phi- 
losopher, declared to Kepler, " I will never concede his four 
new planets to that Italian from Padua, though I should die 
for it /" and he fdlowed up this declaration by publishing a 
hook against Galileo, in which he examines four principal 
questions respecting the alleged planets: 1. Whether they 
exist ? 2: What they are ? 3. What they are like ? 4. Why 
they are ? The first question is soon disposed of by declar- 
ing positively that he \ms examined the heavens with Ga- 
lileo's own glass, and that no such thing as a satellite about 
JuiHter exists. To the second, he dedaxea sdemnly timX, he 
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do^s not more sorely know that he has a soul in his hodj than 
that reflected rays are the sole cause of GaL'leo's erroneous ob- 
servations. In regard to the third question, he says, that th ^ 
planets are like the smallest fly compared to an elephant ; and 
finally C(mcludes, on the fourth, that the only use of them is to 
gnjdfv Galileo's ^ thirst of ^Id," and to aflford himself a suh- 
ject of discussion. Kepler, m a letter to Galileo, when alluding 
to Horky, says, *• He begged so hard to be forgiven, that I 
have taken him again into favour, upon this preliminary con- 
dition, that I am to show him Jupiter's sat^tes, and he is 
TO SEE THEM, and own that they are there." 

The following is a specimen of the reasoning of certain 
pretended philosophers of that age against the discoveries of 
Gtalileo. Sizzi, a Florentine astronomer, reasons in this strain : 
•* There are seven windows given to animals in the domicil 
of the head, through which the air is admitted to the rest of 
the tabernacle of the body, to enlighten, to warm, and to 
nourish it ; two nostrils, two eyes, two ears, and a mouth ; so 
in the heavens, or the great world, there are two favourable 
stars, two unpropitious, two luminaries, and Mercury alone 
undecided and indifferent. From which, and many other 
similar phenomena in nature, such as the seven metals, &c., 
we gather that the number of planets is necessarily seven. 
Moreover, the satellites are invisible to the naked eye, and 
therefore can exert no influence on the earth, and therefore 
would be useless, and therefore do not exist. Besides, as 
well the Jews as other ancient nations have adopted the divi- 
sion of the week into seven days, and have named them from 
the seven planets. Now, if we increase the number of the 
planets, this whole system falls to the ground." The opi- 
nions which then prevailed in regard to Galileo's observations 
on the moon were such as the following : Some thought that 
the dark shades on the moon's surface arose from the inter- 
position of opaque bodies floating between her and the sun, 
which prevent his light from reaching, those parts^: others 
imagined that, on account of her vicinity to the earth, she 
was partly tainted with the imperfections of our terrestrial 
and elementary nature, and was not of that entirely pure and 
refined substance of which the more remote heavens consist ; 
and a third party looked on her as a vast mirror, and main- 
tained that the dark parts of her surface were the reflected 
images of our earthly forests and mountains. 

Such learned nonsense is a dispace to our species, and to 
the rational faculties with which man is endowed, and ex- 
hibits, in a most ludicrous manner, the imbecility and preja- 
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philosophy. The statement of such facts, however, may be 
iastructive, if they tend to guard us against those pi«ejudieeB 
and pieconceiyed opinioos which prevent the mind from t^ 
coi4mi reception of truth, ai^ fiom the admission of improve* 
ments in society which run counter to long-estaUished customs. 
For the same principles and prejudices, though in a difibr- 
eot form, still operate in society, and retard the improvement 
of the social . state, the march of science, dnd the progress of 
Chnstianity. How ridiculous is it for a man cedling himself 
t philosopher to be afraid to look through a glass to an exist- 
iag object in the heavens, lest k should endanger his previous 
opinicms ! And how foolish is it to resist any improvement 
or reformation in society because it does not exactly accord 
with existing opini(»is aiid with *< the wisdom of our cm-* 
certOEs !" 

It is not a littie surprising that Qalileo should have first 
hit on that construction of a telescope which goes by his name, 
and which was formed with a concave glass next the eye. 
This ccnstruction of a telescope is more difficult to be under- 
stood in theory than one which is composed solely of convex 
glasses ; and its field of view is comparatively very small, so 
that it is almost useless when attempted to be made of a great 
length. In the present-day, we cannot help wondering that 
OaGleo and other astronomers should have made such dis- 
coreries as they did with such an instrument, the use of 
which must have required a great decree of patience and 
address. Gkdileo's best telescope, which he constructed " with 
p«at trouble and expense,*^ magnified the diameters of ob- 
jects only thirty-three times ; but its length is not stated, which 
would depend upon the focal'distance of the concaCve eyeglass. 
If the eyeglass was two indies focus, the length of the instru- 
ment would be five feet four inches ; if it was only one inch, 
the length wou|d be two feet eight inches, which is the least 
we can allo^ to it — the object-glass being thirty-three inches 
focus, and the eyeglass placed an inch within this focus. 
With this telescope Galileo discovered the satellites of Jupiter, 
the crescent of Venus, and the other celestial objects to which 
we have already alluded. The telescopes made in Holknd 
are supposed to have been constructed solely of convex 
glassy, on the principle of the astronomical telescope ; hnd 
"SO, Galileo's telescope was in reality a new invention. 

Certain ottier claimants of the invention of the telescope 
have appeared, besides . those already mtentioned. Francih' 
PoDtana, in his "celestial observations," says that he w»s 
12* 
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assured by a Mr. Hardy, adrocate of xh» Parliament of Pari^ 
a person of great learning and undoubted integrity, that, on 
the death of his father, there was found among his tilings ao 
old tube by which distant objects were distinctly seen, and 
that it was of a date l<mg prior to the telescope lately invented, 
and had been kept by him as a secret. Mr. LeomutL Digges, 
a gentleman who Hved near Bristol in the seventeenth cen- 
tury, and was possessed of great and various knowledge, 
positively asserts in his *' Stratoticos" and in another work, 
that his rather, a military gentleman, had an instrument which 
he used in the field, by which he could bring distant objects 
near, and could know a ii^an at the distance of three miles. 
Mr. Thomas Digges, in the preface to his " Pantometria," 

- published in 1501, declares, ^* My father, by his continual 
painful practices, assisted by demonstrations mathematical, 
was able, and sundry times hath, by proportional glasses, duly 
situate in convenient angles, not only discovered things £ur 
offf read letters, numbered pieces of money, with the veiy 
coin and superscription thereof, cast by some of his friends m 
purpose, upon downs in open fields, Imt also, seven miles (£» 
declared what hath been done that instant in private places. 
He hath also, sundry times, by the sunbeams, fired powder, 
and discharged ordimnce half a mile and more distant, and 

. many oAer matters far more strange and rare, oT which there 
are yet living divers witnesses." 

It is by no means unlikely that persons accustomed to re- 
flection, and imbued with a certain degree of curiosity, when 
handling spectacle-glasses, and amusing themselves with their 
magnifying powers and other properties, might sometimes 
hit upon the construction of a telescope, as it only requires 
two lenses of different focal distances to be held at a certain 
distance from each other, in order to show distant objects 
magnified. Nay, even one lens, of a long focal distance, is 
sufficient to constitute a telescope <^ a moderate magnifying 
power, as I shall show in the sequel. But such instruments, 
when they happened to be constructed accidentally, appear 
to hav^ been kept as secrets, and confined to the Cabinets oi 
the curious, so that they never came into general use ; and 
as their magnifying power would probably be comparatively 
small, the appearance of the heavenly bodies would not be 
much enlarged by such instruments, nor is it likely that they 
would be often directed to the heavens. On the whole, there- 
fore, we may conclude that the period when instruments of. 
this description came into general use; and were applied to use- 
ful purposes, was when Galileo constructed his first telescopes. 
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CHAPTER 11. 

OF THE CAMERA. OBSCURA. 

Bbfore proceeding to a particukt descnption of the dif 
ferent kinds of telescopes, I shall first give a hrief description 
of the camera obscura, as the phenomena exhibited by this 
instrument tend to illustrate the principle of a refracting tele- 
scope. 

The term camera obscttra literally signifies a darkened 
vauh OT roof, and hence it came to denote a chamber, or box, 
or any other place made dark for the purpose of optical ex- 
perimentis. The camera obscura, though a simple, is yet a 
very curious and noble contrivance, as it naturally and clearly 
explains the manner in which vision is performed, and the 
principle of the telescope, and entertains the spectator with a 
mpst exquisite picture of surrounding objects, painted in the 
most accurate proportions and coburs by the hand of nature. 
The maioier of extibiting the pictures of objects in a dark 
room is as follows : In one of the window-shutters of a room 
wUch commands a good prospect of objects not very distant, 
a circular hole should be 4:ut of four or five inches diameter. 
In this hole^an instrument should be placed called a sdopiric 
hall, whicb has three parts, a frame, a ball, and a lens. The 
M has a circular hole cut through the middle, in which the 
lens is fixed, and its use is, to turn every way, so as to take in 
a view of objects on every side. The chamber should be 
made perfectly dark, and a white screen, or a large sheet of 
elephjuit paper, should be placed opposite to the lens, and in 
its focus, to receive the image. If, then, the objects Avithout . 
be strongly enlightened by the sun, there will be a beautiful 
living picture of the scene delineated on a white screen, 
where every object is beheki in its proportions, and with its 
colours even more vivid than- life. Green objects appear in 
the picture more intensely green ; and yellow^ blue, red, or 
white flowers, appear much more beautiful in the picture 
than in nature. If the lens be a good one, and the room per- 
fectly dark, the perspective is seen in perfection. The lights 
and shadows are not only perfectly just, but also greatly 
heightened ; and, what is peculiar to this delineation, and ' 
which no other picture or painting can exhibit, the motions 
of all the objects are exactly expressed in the ,picture ; the 
boughs of the trees wave, the leaves quiver, the smoke (]»» 
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cends .in a waving form, the people walk, the children at their 
sports leap and run, the horse and cart move alon^, the ships 
sail, the clouds soar and shift their aspects, and all as natural 
as in the real ohjects ; the motions heing somewhat quicker, 
as they are performed in a more contmcted scene. 

These are the inimitable perfections of a picture drawn by 
the rays of h^ht as the only pencil in nature's hand* and 
which are finished in a moment; for no aensifale interval 
elapses before the painting is completed, when the ground on 
which it is painted is prepared and adjusted. In comparison 
of such a picture, the finest productions of the most celebrated 
artists, the proportions of Raphael, the natural tints and colour- 
ing of Titian, and the shadowing of the Venetians, are Imt 
coarse and sorry daubings, when set in competition with what 
nature can exhibit by &e rays of light passing through a 
single lens. The camera obscura is at the same time the 
painter's assistant and the painter's reproach. From the 
picture it forms he receives his best instructions, and is «howB 
what he should endeavour to attain ; and hence, too, he learns 
the imperfections of his art, and what it is imposrahle for him 
to imitate. As a proof of this, the picture fonned m the 
dark chamber wi^ bear to be magnified to a great extent, 
without de&cin^ its beauty or injuring -the fineness of its 
parts ; but the finest painted landscape, if viewed through a 
high magnifier, will appear only as a coarse daul»ng. 

The fc^wing scheme will illustrate what has been now 

FJftti«37. 
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Stated respecting the dark chamber : E F represents a dark* 
ened room, in the side of which, I K, is made the circular 
hde y, in which, on the inside, is fixed the scioptric ball. 
At some considerable distance from this hole is exhibited a 
omdscape of houses, trees, and other objects, A 60 D, which 
are opposite to the window. The rays which flow {taai the 
different objects which compose this landscape to the hua at 
V, and which pass through it, are converged to their respec- 
tive foci on the opposite wall of the chamber, H G, cr on a 
white morable screen placed in the focus pf the lens, where 
they all combine to paint a lively and beautiful picture of the 
ran^e of objects directly opposite, and on each side, so &x as 
the lens can take in. 

Though I have said that a scioptric ball and socket are ex- 
pedient to be used in the above experiment, yet, where such 
an in^rument is not at hand, the lens may be placed in a 
short tabe, made of pasteboard or any other material, and 
fixed in the hole made in the window-shutter. The only im- 
perfection attending this method is, that the lens can exhibit 
those objects only which lie directly opposite the window. 

Some may be disposed to consider it as an imperfection in 
this picture, that all these objects appear in an inverted posi* 
tion; as they must necessatily do, according to what we 
formerly stated respecting the properties of convex lenses 
(p. 64.) There are, however, different modes of viewing the 
picture as if it were erect ; for if we stand before the picture, 
and hdd a common mirror against our breast at an acute an- 
g^e with the picture, and look down upon it, we shaU see all 
the images of the objects as if restored to their erect position ; 
snd by the reflection of the mirror, the picture will receive 
such a lustre as will make it still more delightful. Or, if a 
large concave mirror were placed before the picture at such 
a distance that its image may appear before the mirror, it will 
then appear erect and pendulous in the air in the front of the 
mirror. Or, if the image be received on a fmme of paper, 
we may stand behind the frame, with our face towards the 
window, and look down, upon the objects, when they will 
appear as if erect. 

The experiment of the camera obscura may serve to ex- 
pkin and illustrate the nature of a common refracting tele- 
sec^. Let us suppose that the lens in the window-shutter 
represents the object-^lass of a refracting telescope. This 
glass forms an image m its focus, which is in every respect 
an exact picture- or representation of the objects before it ; 
wid coiisequentfy the same idea is formed in the mind of the 
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iMLtme, forai, mafnitude, and eokmr of the o^e€l» mlmiim 
&e eye at the centre of the glass views the o%ct iteeK ei 
the Image formed in ,its focus ; for » as formerly staled, ^ 
ebject and ks image are both seen under the same angles \j 
the eye placed at the centre of the lem. Without suek «| 
image as is formed in the camera obscurer— depicted either in 
the tnbe of a telescope or in the eye itself— 4k> telescope 
' eoald possibly be formed. If we now smppose that* hehind 
the image formed in the dark chamber, we apply a convex 
Vbom of a short focal distance to view that image, then the 
image will be seen distinctly, in the same manner as we view 
common objects, such as a leaf or a flower, with a magmfyin^ 
glass ; consequently, the object itself will be seen distill and 
magnified ; and as the same image is nearer to oi^e lens than 
the other, it will subtend a larger apg^e at the nearest lens, 
and, of course, will appear larger than through the other, a^d 
consequently the object will be seen magnified in propoitioiL 
For example, let us suppose the lens in the camera c^owna 
ttr the object'lens of the telescope, to be five feet, or pixty 
inches focal distance ; at this distance from the glass an im^;e 
of the distant obiects opposite to it will be fonned. If, now, 
we place a small lens two inches fo<;al distance beyond this 
point, or five feet two inches from the object<^ass, the ob* 
jects, when viewed through the small lens, wiu appear con" 
siderably magnified, and apparently much nearer than to the 
naked eye. The degree of magnifying power is in propor- 
tion to the focal distances of the two glasses ; that is, in the 
present case, in the proportion of two inches, the focus c^ the 
small lens, to sixty inches, the focus of the object lens. 
Divide sixty by two, the quotient is thirty, which gives the 
magnifying power of such a telescope ; that is, it represents 
objects thirty times nearer, or under an angle thirty times 
larger than to the naked eye. if the eyeglass, instead of 
being two inches, were only one and a half inch focus, the 
magnifying power would be in the proportion of one and a 
half to sixty, or forty times. If the eyeglass were three 
inches focus, the magnifying power would be twenty times; 
and so on with regard to other proportions. In all cases, 
where a telescope is composed of only two convex lenses, the 
magnifying power is determined by dividing the focal di^- 
tance ^ the objeet'glaas by the focal distance of the eyegktUj 
and the quotient expresses the number of times the object k 
magnified in length and breadth. This and various other 
particulars will be more fully illustrated, in the sequel* 
In performing experimeots with the camera obeonra in a 
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Memed chmke^ it km^uBite tlait the fbJiowing partiou- 
latle attttUd^ to I I4 TlMttiK lem be well igured, and free 
Mn any fi^ini ot blBoabliHi dxai m%lLt distort ,the pictui^ 
%^ Than it W pbeed i&rto% ^^amU tke dbrjieet whose image 
lmwigii09W«d£»^a^deliiiBat€KL a. The £en& should he 
of « tUfop^Jhsiae^ lioth aa^tii its breadth and focal distnaoe, II 
sMm sot be left^dbBfithioe «« Jotnr feet focftl distancei others 
^4fi the^taum wiii b» too teaaM^ aad i^ partd of dbj^cts ^^ 
iiiCRiie febe4istiixcrttypQrceiTe|[; norshb^ it esu^eed fifteen 
fft^^sSB^mk^eAi u in thi* one tW picture wiU be faint, «nd 
(f lOttlfie sotue ptealnw. Ilie beat medkun as to fboal dis* 
ttM»si6 fimiik fiv^te«i^t^ t^ ibet. l^hs a|)eJ^ure^ too^ oi^ 
iMidlh^ 4ht gidfitt^ ihcnild not he top nnali, otherwise the 
>&ag<i*w#l be otensule^ i^ tba mxtivte parts of it inyisible 
for watt! of ft^i^cfffident qimntity of Hght* A l^os of six fedb 
^<Wb1 d^^foiice, iiar ^ooiif^ w^ teqaire an apertute of at 
l^ast vw^ iiidbes.^ Letises of a shorter focal distance require 
^ it)imiiM, ttnd ^OBe of a longier focal distam:e laiger. 
Bit if tbo ftpeyttife be too large, the image wiU be confused 
^ i&dldtinA, \fy the admission d* too much light. 4. We 
<Wd n^e* uttmnpt to exhibit the images of objects^ unlesai 
^ttttaesila is^shimngand strongly illuminating the olm^ets^ 
<9*tpti!^ the case of very near objects placed in a good light.. 
A»oafe of the greatest beauties in the phenomena (rfthe dark 
clamber consists in the exquwiite appearance and coiftrast of 
%fet and shadows, nothing of this kind can be perceived but 
fi^ objects directly illuminated by the sun. 6. A south 
^'^fidow should never be used in the forenoon, as the sun can- 
iKft tb^n enliffl^n the north side of an object ; and, besides* 
Ka ftiyg woukL be apt to ghiiie upon the lens, which would 
^^fe the picture aj^ear W«th a' confused lustre. An east 
?^W0\^ i^ best in the aftetnoon, and a western in the morn- 
"*g; bi^ a Aorth window is in most cases to be preferred, es- 
P^i^y in the foi^enoon, when the swn is shining with his 
8*^«^t strength and sple^idour. In general, that window 
?^S^ to be used which looks to the quarter opposite to that 
^ which the ^n is -shining. 

The picture should be received upima very white surface, 
** the finest tod trhitest paper, <» a painted cloth, bordered 
J^ bhck ; as ivhite bedies reflect most copiously the incum* 
**»* rtiVs, l^hSe biaek surfhees absorb them. If the screen 
2^ be hfeilt into, the conceive segment of a sphere, of 
^ich the focal dfetanee of the double convex lens which is 
^ed is the radius, tbe parts of the picture adjacent to the ex- 
tJ^naefei W^etdd a^ear fiaioit distinct. Sir P. Brewiiter JOr 
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fbnns OB that, having tiie4 a nimiLber ai white snhstmoes^ 
different degrees of smoothnessyand several metallic suifsbOfB 
on which to receive the imi^, he happened to receive . the 
picture on the silvered hack of a kddng-^g^asSt and was su^ 
prised at the brilliancy and distinctness with which extna^ 
objects were represented. To remove the sphi^cal protttber* 
anoes of the tinfoil he ground the sui&ce very car^uBy 
withabed of hones which he had used for working tke pk&e 
specula of Newtonian tekscc^pes. By this operaticai, whieh 
may be performed without injuring the other aside of the miiw 
tor J he obtained a sur£EM;e finely adapted for the reception of 
images. The minute parts of the landscape were foriasd 
with so much precision, and the brilliancy of cofeoring was 
so unconmundy fine, as to equal, if not exceed, the inoages 
^t are formed in the air by means of concave i^cufau 

The following additional circumstances may . 1^ stated re- 
specting the phenomena exhibited in the dark chamber : A 
more critical idea may be formed of any movement in the 
picture here presented than from observing the motion of the 
object itself. For instance, a man walking in a picture ap- 
pears to have an undulating motion, or to nse up and down 
every step he takes, and the Jiands seem to move almost ex- 
actly like a pendulum ; whereas scarcely any thing oi this 
kind is observed in the man himself, as viewed by the naked 
eye. Again, if an object be placed just twice the focal dis- 
tance from the lens without the room, the image will be formed 
at the same distance from the lens within the room, and con- 
sequently, will be equel in magnitude to the object itself. 
The recognition of this principle, may be of use to those c<hi- 
cerned in drawing, and who may wish at any time to form a 
picture of the exact size of the object. If the object be placed 
farther from the lens than twice its focal length, the image 
will be less than the object. If it be placed nearer, the im- 
age will be greater thanthe life. In regard to immovable ob- 
jects, such as houses, gardens, trees, &c,, we may form the 
images of so many difierent sizes by means of difierent lenses, 
the shorter focus making the lesser picture, and the longer 
focal distance the largest. 

The experiments with the camera obscura may likewise 
serve to illustrate the nature of vision and the ^mctions of the 
human eye. The frame or socket of the scicmtric ball may 
represent the orbit of the natural eye. The ball, which turns 
every way, resembles the globe oi the eye, movable in its. 
orbit. The hole in the ball may represent the pupil of the 
eye \ the ccaivex lens corresponds to the crystaUine humour^ 



tmbhtm0 osMXEA ^9$mikk. 



la 



t4dck itf «htp^ Mk^ a lens, aa!id 6oti«rilHite8<to fem ike faiftg^^ 
of DijeetB on the ^ney pait of t)ie eye. Tike tiatk ehambc^ 
iliilf in mtht-wha^ sm^k^ te the interrM fart of ih€ ^^ 
H^hk &ied All arouttd, and un^to ^6 leima, with a itteit^ 
(Miidf et^r whkh is spread a mucus of a rery bkek tohttf. 
Uie T«4dte watt ei* fitoie of wkite paj^i^ toireowre ^e pichir6 
«f ^jiels is a fittT fepfesematioii of tke rtima of the esye, ojii 
tllfLcSi aft this imageB of ^xlernal olbjeets artr depleted. Soch 
tiiessnie of ihB geoei^ points of i^esemMaade behic^en H^ 
marettts eomiected with the daj^ chambeif and the organ Of 
TMioni kit the hinnan eye is a& organ of sach ex^isite ccfo^ 
ttnuSliDn, and oiomposcd of such a iiumber and variety (^deH<!* 
tito pmts^ that it cannot be adequately represented by teaf 
iidficid contrivance. 

The darkened chamber is frequently exhibited in a in^^ 
tteir somewhat different from what we have above descri'betl; 
ask the following scheme, (fig. 88,) which is termed the t"^ 




volvmg camera obscura. fa this constiruction, K tl jfepre* 
tents a plane miitor or metallic reflector^ placed at hdf tt 
right angle to the convex lens H I, by which mys proceeding: 
frojn elects situated in the direction are rcitfected totBe^ 
lens, which forms an imag^ of the dbjectt ctti d fdund' ^fnSt^ 
Vol. IX. 13 
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taUe at T« aioirod which sereral ipectatora may stand aaA 
yiew the picture as deliaeated oa a horizontal plane. The 
reflectort along with its case, is capable of being turned roand 
by means of a simple apparatus connected with it, so as to 
take in, in succession, all the objects which compose the sor* 
rounding scene. But as the image here is receiyed on a flat 
surfisLce, the rays, /m, e n, will bive to diverge farth^ than 
the central rays, a e ; and hence the representati<xi of the 
olriect near the sides will be somewhat distorted ; to remedy 
which, the image should be received on a concave surface, 
as a 6 or P S. This is the general, plan of those camera ob^ 
scuras, fitted up in large wooden tents, which are frequently 
exhibited in our large cities, and removed occasionally from 
one town to another. .Were an instrument of this kind fitted 
up on a small 9caUt a hole might be made in one ci the sides, 
as at £, where the eye could be applied to view the picture. 
The focal distances ox the lenses used in large iustnunents of 
this kind are generally from eLorht to twelve feet, in which 
case they produce a telescopic e^ct upon distant objects, so 
as to make them appear nearer than when viewed with the 
naked eye. 

The camera obscura is frequently constructed in a portable 
fbrnif so as to be carried about for the purpose of delineating 
landscapes. The following is a brief description of the in- 




Btrument in this form : A C is a convex lens, placed near the 
end (rf a tube or drawer, which is movable in the side of a 
square box, within which is a plane mirror, D E, reclining 
backward in an angle of forty-five degrees from the perpen- 
dicular, p n. The pencils of /ays flowing from the object, 
B, and passing through the convex lens, instead of proceed- 
ing forward and fomung the image H I, are reflected upward 
by the mirror, and meet in points, as F Q, at the same dis- 
tance at which they would have met at H and I, if they had 
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not been intercepted by the mirror. At F G, the :*mage ai 
the object, O B, is received either on a piece of oiled paper, 
or more fi^quently on a plane unpoliahed glass, pkced in the 
horizontal situation F G, which receives the images^ erf all ob- 
jects opposite to the lens, and on which, or on an oiled paper 
?^aced upon it, their outlines may be traced by a pencil. 
he movable tube on which the lens is fixed serves to ad- 
just the focus for near and distant objects, till their images 
appear distinctly painted on the horizontal glass at F G. Be- 
low is shown the most common form of the box of this kind 

Figure ^ 




of camera obscura. A is the position of the lens, B C the 
position of the mirror, D the plane unpolished glass on which 
the images are depicted, G H a movable top or screen to 
prevent the light from injuring the pifcture, and E F the 
movable tube. 

The Daguerreotype, — An important and somewhat sur- 
prising discovery has lately been made in relation to the 
picture formed by the camera obscura. It is found that the 
hnages formed by this instrument are capable of beinsf inde- 
libly fixed on certain surfaces previously prepared for the 
purpose, so that the picture is rendered permanent. . When 
a camera is presented to any object or landscape strongly il- 
luminated by the sun, and the prepared ground for receiving 
the image is adjusted, and a certain time allowed to elapse tifl 
the rays of light produce their due effect, in a few minutes, 
or even seconds, a picture of the objects opposite to the lens 
is indelibly impressed upon the prepared plate, in aU the 
accurate proportions and perspective which distinguish the 
images formed in a dark chamber, which representations may 
be hung up in apartments, along with other paintings and 
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m wmmg h mi will likely mmu. iimt 'homty bmA hwt^ &» 
nmky ywrn^ ThMe ar^ pictures of nature's own worknup 
l^ip^ fiufibad m an ejitinmely skort ap^ce of time, a&d with 
1)^9 PP«t ex^uisitf delicacy and apcuracy. The «fi^ it 
tvi4M)|ly VWig tQ CMtain dbemical j^peities m the iay« of 
)fg]^ aw ^fe^ a oew field fo]r ezpenmei^ and iziTest%;ati0ir 
lo (hj9 iribil^p^er. The only defect in the pictnie is, tha# il 
p oet c^ufed I but, in the piogiess of experiments an thia 
MiVje<?t» it it not unlikely that even tUa d)ject majr he accoin^ 
^li^ed, in which ease we should he able to obtain the mpal 
accurate landscapes and representations of all objects which 
can possibly be formed. This art or discovery goes by the 
name oi the Dagtterreotype, from M. Daguerre, a French- 
man, who is supposed to have been the firat discoverer, and 
who received a large premium from thg French government 
for disclosing the process, and making the discovery puUic. 
Several improvements and modifications, in reference to the 
prepaiatioA of the plates, have been made since the discovery 
was |f|8t announced, about the beginning of 1839 ; and the 
piqt^res formed on this principle are frequently distinguished 
by the iiame of Photogenic drawings, and are now exhibited 
at mdait of our public scientific institutions. 

This new science or art has been distinguished by difibrent 
names.. It was first called Photography^ from twa Greek 
works, signifying writing by light : it was afterward called 
the eit ^ PhotQ^^c draunngj or drawing produced by li^^ht. 
](l, Dagu^rre gave it the name of Hdiography, or writing 5y 
the aun ; all which appellatives are derived nrom the Greek 
an4 «ff^ expressive, in some degree, of the nature of the pro- 
cess. We shall, however, make use of the term Paguerreo- 
tjrpe* derived from the name of the inventor. 

As it does not fall within our plan te give any minute 
descriptions of the Daguerreotype process, we shall just give 
a few general hints it) reference to it, referring those who 
wish, for particular details to the separate treatises which have 
been ©ublished respecting it. The first thing necessary to be 
^enaed to in this art is the preparation of the plate on which 
the. drawing is to be made. The plate consists of a thin leaf 
of cc^per, pkt^d with silver, both metals together not being 
thicker than a c^. The object of the copper is simply to 
[ICipport the silver, which must be the purest that can be pro- 
cmed. But, though the copper should be no thicker than tc 
s^rve the purpose of support, it is necessary, that it should be 
so thick as to prevent the plate from being warped, which 
would produce a distortion of the images traced upon it. Thia 
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plate must be pfolidbed ; and for this purpose the foflowing 
articles are required ; a vial of olive oil ; some very fine cot- 
ton; pumice-powder, ground till it is almost impalpable, and 
tied up in a piece of fine muslin, thin enough to let the pow- 
der pass throufi^h without touching the plate when the bag is 
shaken; a little' nitric acid, diluted with sixteen times, by 
measure, its own quantity of water ; a frame of wire on which 
to place the plate when being heated ; a spirit lamp to make 
the pkte hot ; a small boit, with inclined sides within, and 
liamg.a lid to shut it up close ; and a square board large 
eoouga to hold the drawing, and having catches at the side 
to keep it steady. 

To the above prerequisites; a good camera ob»cura is, of 
course, essentially necessary. This instrument should be 
large enough to admit the plate of the largest drawing in- 
tended to 1^ taken. The lens which forms the image of the 
object should, if possible, be achromatic, and of a considerable 
diameter. In an excellent instrument of this description now 
before me, the lens is an achromatic about three inches dia- 
m^r, but capable of being contracted to a smaller aperture. 
Its focal distance is about 17 inches ; and the box, exclusive 
of the tube which contains the lens, is 15 inches long, I3i 
inches broad, and 11 inches deep. It forms a beautiful and 
well-defined picture of every well-enlightened object to which 
it is directed. 

Before the plate is placed in the camera, there are certain 
operatidns to be performed. * 1. The surface of the plate 
should be made perfectly smooth, or' highly polished. For 
this purpose it must be laid flat, with the silver side upward, 
'jpon several folds of paper for a bedding ; and having been 
well polished in the usual way, the surface must be pow- 
dered equally and carefully with fine pumice enclosed in the 
muslin bag. Then taking a little cotton wool, dipped in olive 
oil, it must be rubbed over the plate with rounding strokes, 
and then crossing them by others which commence at riffht 
angles with the first. This process must be repeated fre- 
quently, chai^ng the cotton, and renewing the pumice- 
powder every time. A small portion of cotton must now be 
moistened with the diluted nitric acid, and applied equally to 
the whole isur&ce. The next thing to be done is to make the 
plate thorcmghly and equally hot, by holding the plate with a 
pair of pincers by the corner over a charcoal fire, and when 
the plate is sufficiently hot, a white coating will be observed 
on the silver, which indicates that that part of the operation is 
finished. An even cold surface is next wanted, such as a 

13* 
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metallic plato coaled almo^ to the heema point hy m^mlt 

(^ soda, and to this the heated plate must be sudd^y tmpQr 
(erred. 

2. The ne^t operation is to give the p]ate i^ fHf^g of 
todinf. This is accomplished bv fixing the fij^ Mpo^ a 
board, and then putting it into a box containing a litt)^ diab 
with iodine divided into small pieces, with its U^q dowmrwrdi 
and supported with small brackets a$ the c«mevB« hi lim 
position the plate must remain till it assume a/uP goU ^ofowi 
through the condensation of the iodine cm i^ Qumce, whieh 
process should be conducted in a darkened ap|itt<fie9t> TJm 
requisite time for the condensation of the ipdine vaiHea fi^oia 
$ve minutes to half an hour. When tl^s proc^8t ist aiktiolhc- 
torily accomplished, the plate should be imine<UateJ^ ^^eed ia 
a frame with catches and bands* and placed ip.th§ ^fimfin^i 
at^d the transference from one receptacle to anotber ^h9uU 
be made as quickly as possible, and with only m mtfi^ U^ 
as will enable the operator to see what he is do»ig. 

3. The pext operation is to obtain the ^rawiog^ Havlnff 
placed the camera in front of the scene to be rep^esent^d^ am 
t|ie I^s being adjusted to the proper focu% th^ powid g]aM 
of the caipera is withdrawn, and the prepared pbte ia substH 
tuted for it, and the whole is left till the nqiturel imagea am 
drawn by the natural light from the object. The time necefr 
sary to leave the plate for a complete delineation of tfee oh* 
j|ects depends upon the intensity of the light. Obje<^ in the 
shade will rec^uire more time for their deSneatioQ; than those 
in U^ broad bght. The full, clear light of the BQnQx oi Eu- 
rope^ Spain, Italy, and particularly the more glowing bril* 
i^apcy of tropical countries, will efiect the (d)}ect «A«fi^ moie 
speedily than the duller luminosity of a northern climeu Some 
hours of the day are likewise more fiivQumble ttmi^ others* 
Paguerre states that " the moat f^^vouraUe ia from 7 a. ■. to 
8 oxlock p. M., and that a drawing couW be effect in ftrif 
in, three or four minutes in June and July, which w^yiild le^ 
quire five or six in May and August, and seven or eight in 
April and Septemb«er.'* In the progress of tW. art, at the 
present time, porti^ts and other dneets aire frequently deM« 
seated in the course of a few seconds. 

4. Immediately after removing the plate from the camera, 
i^ is next placed over the vapour oi mercury, which is placed 
in a cup at the bottom of a box, and a i^rit lamp applied to 
ijys bottom till the temperature rise to 140^ (^Fahrenheit 
Thi^ pj:ocess is intended to bring out the image, which is 
not visibly wheJi withdrawn from the camera; but in the 
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cooise of a few minntes a faint tracety.wil] begin to appeaf« 
Vidin a very short time tlie figure wiU be clearly developed, 

6* The nezt operation is to fix the impression. In order 
to tbis, the coating on which the design' was impressed must 
Iw leroovedt to preserve it from being decomposed by the 
la^ of light. For this purpose, the plate is placed in a trough 
awtaimng conmicm water, plunging and withdrawing it im- 
mediately, and Uien plunging it into a, solution of salt and 
winter till the y/eHow coating has disappeared. 

Buch is a very brief sketch of the photogenic processes of 
Daguene* OtKer substances, however, more easily pre- 
pared, have been recommended by Mr. Talbot* F. R. S., who 
appears, about the same time, 1o have invented a process, 
somewhat mmilar to that of Daguerre. The following are 
Us directions for the preparation of photogenic paper: 

The paper is to be dipped into a solution of salt in water, 
ia the proportion of half an ounce of salt to half a pint of 
water. Let the superfluous moisture drain oflT, and then 
laying the paper upon a clean cloth, dab it gently with a 
napkin, so as to prevent the salt collecting in one spot more 
Aan in another. The paper is then to be pinned down by 
two of its corner^ on a drawing board by means of common 
PiQs, and one side washed or wetted with the photogenic 
nuidi, using the brush prepared for that purpose, and taking 
caie tp distribute it equally. Next, dry the paper as rapidly 
a? you can at the fire, and it will be fit for use for ino^t pur- 
poses. If, when the paper is exposed to the sun's rays, it 
should assume an irregular tint, a very thin extra wash of the 
fluid will render the colour uniform, and, at the same time, 
somewhat darker. Should it be required to make a more 
sensitive description of paper, after the first application of the 
fluid the solution of salt should be applied, and the paper dried 
at the fire. Apply a second wash of the fluid, and dry it at 
the fire again : employ the salt a third time, dry it, and one 
application more of the fluid will, when dried, have made the 
paper extremely sensitive. When slips of such papers, dif- ' 
lerently prepared, are exposed to the action of daylight, thos^ 
which are soonest aflfected by the light, by becoming dark, 
are the best prepared. 

When photogenic drawings are finished in a perfect way. 
the desifl;ns then taken on the plate or paper are exceedingly 
heautifiri and correct, and will bear to be inspected with a 
considerable magnifying power, so that the most minute por^ 
tions of the objects delineated may be distinctly perceived. 
We have seen portraits finished in this way by a London 



152 PERFECTIOK OP PHOTOQBXIC PICTURES. 

artist with an accuracy which the best miniature painter 
could never attempt, every feature being sc distinct as to bear* 
being viewed with a deep magnifier. And in landscapes and 
builmngs, such is the delicacy and accuracy of such repre- 
sentations, that the marks of the chisel and the crevices in 
the stones may frequently be seen by applying a magnifying 
lens to the picture ; so that we may iusUy exclaim, in the 
words of the poet, "Who can paint like Nature!" That 
L^oHT — ^which is the firstborn of Deity, which pervades all 
space, and illuminates all worlds— in the twinkling of an eye, 
and with an accuracy which no art can imitate, depicts every 
object in its exact form and proportions, superior to every 
thm^ that human genius can produce. 

The photogenic art, in its progress, will doubtless be pro- 
ductive of many highly interesting and beneficial effects. It 
afilbrds us the power of representing, by an accurate and rapid 
process, all the grand and beautiful objects connected with 
our globe, the landscapes peculiar to every country, the lofty 
ranges of mountains which distinguish Alpine regions, the 
noble edifices which art has reared, the monumental remains 
of antiquity, and every other object which it would be inte- 
resting for human beings to contemplate; so that, in the 
course of time, the genei^ scenery of our world, in its pro- 
minent parts, might be exhibited to almost every eye. The 
commission of the French Chambers, when referring to this 
art, has the following remark : " To copy the millions upon 
mihions of hieroglyphics which cover even the exterior of the 
great monuments of Thebes and Memphis, of Carnac, &c., 
would require scores of years and legions of designers. By 
the assistance of the Daguerreotype, a single man could finish 
that immense work.'' This instrument lays down objects 
which the visual organs of man would overlook, or might be 
unable to perceive, with the same minuteness and nicety that 
it delineates the most prominent features of a landscape. The 
. time-stained excrescences on a tree, the blades of grass, the 
leaf of a rose, the neglected weed, the moss on the summit 
of a lofty tower, and similar objects, are traced with the same 
accuracy as the larger objects m the surrounding scene. 

It is not improbable, likewise, that this art, (still in its infancy,) 
when it approximates to perfection, may enable us tp take re- 
presentations of the sublime objects in the heavens. The sun 
affords sufficient light for this purpose ; and there appears no 
insurmountable obstacle in takmg, in this way, a highly-mag- 
nified picture of that luminary, which shall be capable of 
being again magnified by a powerful microsQope. It is by no 



impiobable, from the experiments that have hitherto 
been made, that we may obtain an accurate delineation of the 
hmar world from the moon herself. The plated disks pre* 
pared by Daguerre receive impressions from the action of the 
lunar rays to such an extent as permits the hope that photo- 
graphic charts of the moon may toon be obtained ; and, if so, 
they will excel in accuracy all the delineations of this orb that 
liBiv^ Mtherto be€$n obtained ; and ii they shottld^befar a ic^ 
croscopic power, objects may be perceived on the lunar sur- 
face wnich have hitherto been invisible. Nor is it impossible 
Jhat the planets Venus, Mars, Jupiter, and Saturti may be 
delineated in this way, and objects discovered which cannot 
be descried by means of the telescopy. It might, perhaps, 
be considered as beyond the bounds of probabiStv to expect 
that even distant nehulse might thus be fixed, and a delinea* 
tion of their objects produced which shall be capable of bein^f 
mmgnified by microscopes; but we ought to consider that 
di« art is yet only in its infaiKy, that plates of a more delicate 
nature than those hitherto used may yet be prepared, and 
that other properties of light may yet be discovered which 
shall fiunHtate such desiglis. For we ought now to set no 
boundaries to the discoveries of science, ami to the practical 
applications of scientific discovery which genius'and art may 
acccnikkplish. 

Itt fthort, this invention leads to the conclusion that we have 
not yet discovered all the wonderflil properties of that lumi- 
notts afi^nt which pervades the universe, and which unveils 
to Its Its beauties^ and sublimities; and that thousands of 
admirable objects and agencies may yet be disclosed to our 
view throu^ the medium of light, as philosophical investiga- 
tors advance in their researches and discoveries. In the 
present instance, as well as in many others, it evidently ap- 
pears that the Creator intends, in the course of his providence, 
by Bxeans of scientific researches, CTadually to open to the 
new of the inhabitants of our world the wonders, the beau-' 
ties, and the sublimities of his vast creation ; to manifest his 
infinite wisdom and his superabundant goodness, and to raise 
octr souis to the contemplation and the love of Him who is 
the original source of all that is glorious and beneficent in th3 
scene oif nature* 
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CHAPTER m. 

OH tHS OVnCAL ANOLB, AND THS APPARBNT MAONITUOX OF 
OBJKOTS. 

In order to understand the principle on which telescopes 
represent distant objects as magnified, it may be expedient 
to explain what is meant by the anj?le of vision, and the ap- 
parent magnitudes under which different objects appear, and 
the same ^ject, when i^ced at different distances. 

The optical angle is the angle contained under two n^t 
lines drawn from the extreme points pf an object to the eye 
Thus A £ B or C £ D (fig. 40*) is the optical or visual angle, 




or the angle under which the object A B or C D appears to 
the eye at E. These two objects, being at different distances, 
are seen under the same angle, although C D is evidently 
larger than A B. On the retina of the eye, their images are 
exactly of the same size, and so is the still larger object F G. 
The anparent magnitude of objects denotes their magni- 
• tude as tney appear to us, in contradistinction from their real 
or true magnitude^ and it is measured by the visual angle; 
for, whatever objects are seen under the same or equal angles 
apnear equal, however different their real magnitudes. If a 
half crown or half dollar be placed at about 120 yards firom 
the eye, it is just perceptible as a visible point, and its a^ 
parent magnitude, or the an^le under which it is seen, is 
very small. At the distance of thirty or forty yards, its bulk 
appears sensibly increased, and we perceive it to be a round 
body ; at the distance of six or eight yards we can see the 
king or queen's head engraved upon it ; and at the distance 
of eight or ten inches jfrom the eye it will appear so large 
that it will seem to coVer a large building placed within the 
listance of a quarter of a mile ; in other words, the apparent 



A^ABSNt MAGNITUDB^ 



166 



magnitude of the half crown* held at such a distaace, wUl 
more tlum equal that of such a building in the picture on the 
retina, owing to the increase of the optical angle. If we sup- 
pose A (fig. 41) to represent the apparent size of the heJf 

Figure AW 




cJown at nine yards* distance, then we say it is seen under 
the small angle FED. B will represent its apparent mag* 
nitude at 4i yards distant under the angle H E G, and the 
cirde C, its apparent magnitude at 3 yards distant j under the 
large angle K E I. ' 

This may be otherwise illustrated by the following figure : 
^t A B (fig. 42) be an object viewed directly by the eye d 

Figure ASi, 
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?• From each extremity A and. B draw the linea A N, B M, 
intersecting each other in the crystalline hnmour in I : then 
^ A I B the optical angle which is the measure of the ap- 
parent magnitude or length of the object A B. Ftom an 
"^pection of this figure, it will evidently appear that the ap- 
parent magnitudes of objects will vary according to their dis- 
^nces. Thus A B, C D,^ E F, the real magnitudes of which 
are unequal, may be situated at such distances from .the eye 
a* to have their apparent magnitudes all equal, and occupy- 
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ifig tke uxsm syaoe on tke tc^ba^ M N, as heie yep regepteJ . 
In lik« nftiuMT, objects of «qual iMMinKk, pkeed at tmemri 
iktances, will appesf «»equal. Tke o^ects A B and €F H, 
wiMch are emud, beiflg mtoated at difieient clktttioea frcan 
the eye,Q H will ^Pf^ undef the laifgfe angle T I V, <» as 
large as an object T v , situated a| the same place as die ob- 
j^t A B, while A B ai^ears under the smaller angle A I B. 
Therefore the object G H is apparently greater than the ob- 
ject A B, though it is only equal to ft. I&nce it appears that 
we have no certain standard of the true magnitude cs(<A3%mta 
by our visual perception absttacily considered, but only of the 
proportion* of magnitude. 

Li reference to apparent magnitudes, we scarcely ever 
judge any object to be so great or so small as it appears to 
be, or that there is so great a disparity in the visible magni- 
tude of two equal bodies at different cUstances from tlie eye* 
Thus, for example, suppose two men, each six feet diree 
inches high, to stand directly before us, one at the distance df 
a pole, or 54 3rards, ^md the other at the distance of lOOpoIeSt 
or 650 yardus ; we should observe a considerable differi^ueein 
their apparent size, but we should scarcely suppose, at ^ksI 
4si^t, that the one nearest the eye appeared a hundred times 
greater than the other, or that, while the nearest one appeared 
six feet three inches high, the remote one appeared only about 
thre&fourtka of an inch. Yet such is in reality the caBe ; 
and not only so, but the visible bulk or area of the one is to 
that of the other as the square of these numbers, namely, as 
10,000 to 1 ; the man nearest us presenting to the €^ a 
magnitude or sxuface ten thousand times greater than tlmt of 
the other. Again, suppose two ^hairs standing in a hqtge 
room, the one twenty-one feet distance from us, and the oClier 
three feet ; the one nearest us will appear seven times larger, 
both in length and breadth,'than the more distant one, and, 
consequently, its visible area forty-nine times greater. If I 
Jiold up my finger at nine inches distance from my eye, it 
appears to cover a large town a mile and a half in extent, sit^ 
uated at thtee miles^ distance ; consequently, the apparent 
magnitude of my finger; at nine inches distance from the or- 
gan of vision, is gteafoT than that of the large town at thiee 
milea' distance, and forms a larger picture on the retina of the 
eye. When I stand at die distance of a foot from mr window, 
and look dirough cnne of the panes to a village hsss dian a 
quarter of a v^sie distant, I see, through that pane, neady the 
whfde extent of die vilk^e', comprehending two or diree nun- 
dnsd bouses; e«yisefa«ntty, ^ apparent magnitcrde of die 
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pane is equal to nearly the extent of the village, and all the 
Doildings it contains do not appear larger than the pane of 
glass in the window, otherwise the houset and othdr objects 
which compose the village could not be seen through the 
iiDrie pane. For, if we suppose a line drawn from one end 
of me village, passing through the one side of the pane, and 
another Hne drawn from the other end, and passing through 
the other side of the pane to the eye, these lines would form 
lhe optical angle under which the pane of glass and the vil- 
lage appears. If the pane of glass be fourteen inches hroad, 
and tli^ length of the village 2640 yards, or half a mile, this 
last' lineal extent is 6788 times greater than thd other, and yet 
they have the same parent magnitude in the case sup- 
posed. 

He^ice wo may learn the al»urdity and futility of attempt 
mg to describe the extent of spaces in the heavens, by saying 
that a certain phenomenon was two or three feet or yards dis- 
tant from another, or that the tail of a comet appeared several 
yards in length. Such representations can convey no defi- 
nite idea^ in relation to such magnitudes, unless it be specified 
at what distance frwn the eye the foot or yard is supposed to 
be placed. If a rod, a yard in length, be held at nine inches 
from the eye, it will subtend an angle, or cover a space in 
the heavens equal to more than one-fourth of the circumfe- 
rence of the sky, or about one hundred degrees. If it be 
eighteen inches from the eye, it will cover a space equal to 
fi% degrees ; if at three feet, twenty^ve degrees, and so pn 
in proportion to the distance from the eye ; so that we can 
fonn no correct conceptions of apparent spaces or distances 
in the heavens, when we are merely told that two stars, for 
example, appear to be three yards distant frcrai each other. 
The only definite measure we can use in such cases is that of 
degrees. The sun and moon are about half a degree in ap- 
parent diameter, and the distance between the extreme stars in 
Orion^B belt three degrees, which measures, being made fa- 
nuliar to the eye, may be applied to other spaces of the 
beavens, and an approximate idea conveyed of the relative 
distances of objects in the sky. 

From what has been stated above, it is evident that the 
inagnitude of objects may be considered in different points of 
'iew. The true dimensions of an object, considered in itself, 
give what is called its real or absolute magnitude ; arid the 
opening of the visual angle determines the apparent magrd' 
<wrfe. The real magnitude, therefore, is a constant quantity : 
bnt the appar«at magnitude varies continually with the dis- 
Vol. IX. 14 
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toace, real or imagiiiary ; and, tbeiefore, if we alwa]F« j«40tti 
of tlie dimensions of an object firom its apparent aagoi* 
tude, every thing around us would, in this lespeet* be iuh 
deigoing very sensible variatioiuit which might load ua im» 
strange and serious mistakes. Afly near enough to the eye* 
might appear under an aafirle as great as an elephant at ^ 
distance of twenty feet, and the one be mistaken f(Hr the oCj^uTf 
A giant eight feet high« seen at the distance of twenty-fonr 
feet, would not appear taller than a child two feet in hmgbt 
at the distance oisix feet ; for both would be seen nesdiy 
under the same angle. But our experience generally pare* 
¥eats us fran being deceived by such illusions. By tli^ Kelp 
of touch, and by nuddng allowance for the different diataacei* 
at which we see particular objects, we learn to collect the 
ideas we might otherwise form ftooi attending to Uia c^iti^ 
angle alone, especially in the case of objects that are near us. 
By the sense of touch we acquire an. impression of the distaiM^e 
of an object ; this impression combines itself with that oi the ap- 
parent magnitude»so that the impression which represents to us 
the real magnitude is the product of these two elements. *Wlie& 
tha objects, however, are at a great distance, it is more diffi- 
cult to form a correct, estimate (k their true magnitudes. The 
visual aisles are so small that they prevent comparisoQ ; and 
the estimated bulks of the objects depend, in. a great measure, 
upon the (;^»par€rU magnitudes ; and thus an object mtuc^ed 
at a great distance appears to us much smaller than it is in 
n^ity. We also estimate objects to be nearer or ferther dis- 
tant according as they are more or less clear, and our percep- 
ticm of them m(»e or less distinct and well defined ; and 
likewise when several objects intervene between us and the 
object we are particularly observing. We make a sort of 
addition of all the estimated distancea of intermediate objects, 
in Older to form a total distance of the remote object, which* 
in this case, appeans to be farther off than if the intervening 
space were unoecupfted. It is generally estijoaated that no 
terrestrial object can be distinctly perceived if the visual angle 
it subtends be less than one minute (f a degree^ and that 
most objects become indistinct when the angle they subtend 
at the pupil of the eye is less than six minutes. 

We have deemed it expedient to introduce the above re« 
marios on the apparent magnitude of objects, because the prin* 
cipai use of a telescope is to increase the ande of vision, or 
to represent objectsi under a laisex angle than that under 
which they appear to the naked eye, so as to render the 
w^ of distant dejects more distinct, i^ to exhibit to the «r* 



gan (^yision those objects wiii€h would otherwise be invisible. 
A telescope may be said to enlarge an object just as many 
times as the angle under which tl^ instrument represents it 
is greater than ^hat under which it appears to the unassisted 
eye. Thus the moon appears to the nd^ed eye undef an 
angle of about half a degree ; consequently, a telescope mag- 
mea 60 times if it represents that orb unider an anglie of ^ 
degrees ; and if it magnified 180 times, it would exhibit the 
liooa under an angle of 90 degrees, which would make her 
ippear to fill half of the visible heavens, or the space whick 
isl^venes hom the horizon to the zenith. 



CHAPTER IV. 

m THl DIFFERENT KINDS OF R8FRACTINO T1LB800PB8. 

Thebs are two kinds of telescopes, corresponding to two 
mtfdes of vision, namely, those which perform their office by 
rdraction' through lenses, and those which magnify distant 
objects by reflection ttom mirrors. The telescope which ia 
constracted with lenses produces its effects solely by refracted 
fight, and is called a Dioptric, or refracting telescope. The 
other kind of telescope produces its eflfects partly by reflec- 
tion, and partly by refraction, and is composed both of mir- 
rors and lenses ; but the mirrors form the principal part of 
the telescope, and therefore such instruments are denominated 
ftfltetinr telescopes. In this chapter I shall describe the 
various kinds of refracting telescopes. 

SXCT^. I.— -THB 6ALI1BAN TKLIBSOOPB. 

This telescope is named after the celebrated Galileo, who 
first constructed, and probably invented it in the year 1609. 
It consists of only two glasses, a convex glass next the object, 
and a concave next the eye. The convex is called the object-* 
glass, and the concave, to which the eye is applied, is called 
the eye-glass. Let C (fig. 43) cepresent the convex object- 
glass, presented to any object m the direction D E I, so that 
the rays fall parallel upon it; if these rays, after passing 
throuorh it, were not intercepted by the concave lens K, they 
would pass on, and cross each other in the focus P, where an 
inverted image of the object would be formed. But the con- 
cave fens K, th6 virtual focus of which is at P, bein^ inter- 
posed, the rays are not sufifered to converge to that pomti but 
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are made le89 convergent,* and enter the papfl almost parallely 
as G H, and are converged by the humours of the 03^ to 
their proper foci on the retina. The oWect, through this tele- 
scope, is seen' upright, or in its natural position, because the 
rays are not su^red to come to a focus, so as to form an in- 
verted picture. The concave eyeglass is placed as far within 
the focus of the object-glass as is equal to its own virtual fo- 
cus ; and the magnifying power is as the focal length of the 
object-glass to that of the eyeglass, that is, as C F to B F. 
Thus, suppose the focus of the object-glass to be ten inches, 
and the focus of the eyeglass to be one inch, the magnifying 
power will be ten times, which is always found by dividing 
the focal length of the object-glass by that of the eyeglass. 
The interval between the two glasses, in this case, wilf be 
nine inches, which is the length of the telescope, and the ob- 
ject seen through it will appear under an angle ten times 
greater than they do to the naked eye. These propositions 
might be proved mathematically ; but the process is somewhat 
tedious and intricate, and might not fully be understood by 
' 'general readers. I shall therefore only mention some of the 
general properties of this telescope, which is now seldom used 
except for the purpose of opera-glasses 1 

1. The focal distance of the object-glasa must be greater 
than that of the eyeglass, otherwise it would not magnify an 
object ; if the focal distance of the eyeglass were greater than 
that of the object-gJass, it would dSminish objects instead of 
magnifying them. 2. The visible area of the object is greater, 
the nearer the eye is to the glass ; and it depends on the dia- 
meter of the pupil of the eye, and on the breadth of the object- 
glass ; consequently, the field of view in this telescope is very 
small. 3. The distinctness of vision in this construction of a 
telescope exceeds that of almpst any other. This arises firom 
the rays of light proceeding from the object directly through 
the lenses, without crossing or intersecting each other; 

* It is one of the properties of concave lenses to render convergent rays 
less convergent^ and when placed as here supposed, to ren&r them 
patallel ; and it m parallel rays that produce dtstmot vision. 



vrhereas, m the combination of convex lenses, they inteii^sect 
one another to form an image in Ae focus of th^ object-glass, 
and this image is magnified by the eyeglass with all its im- 
perfections and distortions. The thinness of the centee of the 
concave lens alsc contributes to distinctness, 4. Although 
the field of view in this telescope- is' very stnaU, yet, where 
no other telescope can be procured, it might be made of such 
a length as to show the spots on the Sun, the crescent of 
Venns^ the Satellites of Jupiter, and the ring of Satxrm ; and, 
requiring only two glasses, it is the cheapest of all telescopes?. 
It has been found that an object-lens ^e feet focal distance 
w31 bear a concave eyeglass of only one inch focal distance, 
and will consequently magnify the diameters^ of the planets 
sixty times, and their surfaces 3600 times, which is sufficient . 
to show the phenomena now stated. And, although only a 
srftafl portion of the sun and moon can be seen at once, yet 
hpiiet and aH his satellites may sometimes be seen at one 
view; but there is some diflSculty in finding objects with such 
telescopes* 6. Opera-glasses, which are always of this con- 
struction, have tne object-lens generally about six inches 
focus and one inch diameter, with a concave eyegkss of 
about two inches focus. These glasses magnify about three 
titnes in diameter, have a pretty large field, and produce very 
disthcl vision. When adjusted to the eye, they are about 
four inches in length. To the object-end of an operd-glass 
tlier^ is sometimes attac^hed a plane mirror, placed at an an- 
gje of forty-five degrees, for the purpose of viewing objects 
on either side of us. By this means, in a theatre or assembly, 
we can take a vietv of any person without his having the 
least suspicion of it, as the glass is directed in quite a difierent 
direction. The instrument with this appendage is sometimes 
called a Folemoscope. 

mrr* H.-— ato» COMMOIT ASTRONOMIOAL RBFRACTOM tSLB* 

soopa. 

The astronomical telescope is the most simple constructioii 
of a telescope, composed of convex lenses only, of which there- 
are but two essentially necessary, thqtigh a third is sometimes 
ad(fed to the eyepiece for the purpose of enlarging the field 
of view. Its construction vnu be easily understood froxh a 
description of the fdlpwing figure: Its two essential parts 
are an object-glass, A D, and an eyeglass E Y, so combined 
in a tube that the focus F of the object-glass is exactly coin- 
cident with the focus of the eyeglass. Let O B (fig. 44^ 
rej^esent a distant object, irom which rays nearly parallel 
14* 



16& THS EBFRACTIKO TSLB800PB. 

proceed to the object-lens A D. The lays patting thioggh 



this lens will cross at F, and form an image of the object at 
I M. This image forms, as it were, an object to the eyeglass 
£ T, which is of a short focal distance, and the eye is thus 
enabled to contemplate the object as if it were brought much 
nearer than it is in reality ; for the rays, which, aAer crossing, 

Sroceed in a divergent state, fall upon the lens £ T, as if 
ley proceeded from a real object situated at F. All that is 
effected, therefore, by such a telescope is to form an image 
of a distant object by means of the object-lens, and then to 
give the eye such assistance as is necessary for viewing that 
image as near as possible, so that the angle it shall subtend at 
the eye shall be very large Compared with the angle which 
. the object itself would subtend in the same situation. 

Here it may be expedient to explain, 1. How this arrange- 
ment of firlasses shows distant objects distinctly ; and, 2. The 
reason why objects appear magnified when seen through it. 
As to the first particular, it may be proved as follows ; The 
nays O A and 6 D, which are parallel before they fall upon 
the object-glass, are by this glass refracted and um'ted at its 
focus. In order, then, to distinct vision, the eyeglass must 
re-establish the parallelism of the rays, which is eflfected by 
placing the eyeglass so that its focus may be at F, and con- 
seouently, the rays will proceed from it parallel to each other, 
ana fail upon the eye in that direction ; for distinct vision is 
produced by parallel rays. 2. The reason why the object 
appears magnified will appear, if we consider that, if the eye 
viewed the object from^ the centre of the object-glass, it would 
see it under the angle O C B ; let O C and B C then be pro- 
duced to the focus of the glass, they will then limit the image, 
I M, formed in the focus. If, then, two parallel rays are sup- 
posed to proceed to the eyeglass £ Y, they will be converged 
to its focus H, and the eye will see the image under the angle 
£ H Y. The apparent magnitude of the object, therefore, 
as seen by the naked eye, is to the magnitude of the image 
as seen through the telescope, as O G B to E H Y, or as the 
distance C F to the distance F G ; in other words,- as the 
^ocal length of the object-glass to that of the eyeglass. 
It is obvious from the figure, that, .through this telescope 
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ill olnects will appear inverted} since the object O B is de- 
picted by the object-glass in an inverted position at I M , and 
in this position is viewed by the eyeglass E Y ; . and, there- 
fore, this, kind of telescope is not well adapted for viewing 
terrestrial objects, since it exhibits the tops of trees, houses, 
and other objects as undermost, and the heads of people as 
pointing downward. But this circumstance is of no conse- 
quence with respect to the heavenly bodies, since they are 
round, and it can make little difference to an observer which 
side of a globular body appears uppermost or undermost. All 
astronomical refracting telescopes invert objects; but they 
are preferred to any other telescopes, because they have few 
glasses, and, consequently, more light. This telescope, how 
eyer, can be transfcnrmed into a commcm day telescope for land 
objects by the addition of two other eyeglasses, as we shall 
aUterward explain ; but in this case a^ quantity of light is lost- 
by refraction at. each lens, for there is scarcely any trans- 
parent substance that transmits all the rays of light that fall 
upcm it. 

The nufgntfying power of this telescope is found by divid' 
ing the focal distance of the ohject-glasa by the focal disr 
tance of the eyeglaeaj the quotient gives the magnifying 
power, or the number of times that the object seen through 
the telescope appears larger or nearer than to the naked eye. 
Thus, for example, if the focal dista^ce of the object-glass be 
28 inches, and the focal distance of the eyeghiss 1 inch, the 
magnifying power will be 28 times. If we would enlarge 
the telescope, and select an object-glass 10 feet, or 120 inches 
focus, an eyeglass of 2 inches focad length might be applied, 
and then the diameter of objects would ^ magnified 60 times, 
and their surfaces 8600 times. If we would use an object- 
glas^ of 100 feet, it would be necessary to select an eyeglass 
about 6 inches focus, and the magnifying power would be 
200 times, equal to 1200 inches divided l^ 6. Smce, then, 
the power of magnifying depends on the proportion of the 
focal length of the object and eyeglasses, and this proportion 
may be varied to any degree, it may seem strange to some 
that a short telescope of wis kind will not answer that pur- 
pose as well as a long one. For instance, it may be asked 
why an object-glass of 10 feet focus may not be made to 
magnify as much as one of 100 feet focal length, by using an 
^eglass of half an inch focus, in which case the magnifying 
power would be 240 times ? But it is to be considered that, 
if the power of magnifying be increased while the length of 
the telescope remains the same, it is necessary to diminish th« 
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fbcal length of the eyeglass in the same proporticm, and tUa 
cannot be done, on account of the great distortion and coIonr« 
ing which would then appear in the image, arising both from 
the deep convexity of the lens and the different refrangibiHty 
of the rap of light. It is fbond that the length of common 
refractinfi^ tele8C(^)e8 must be increased in proportion to the 
square of the increase of their magnifying power; so tint, in 
OTder to nmg^ify twice as much as before with the same fight 
and distinctness, the telescope must be lengthened four times; 
to magnify 3 times as much, 9times ; and to magnify 4 times 
as much, 16 times ; that is— ^suppose a telescope of 8 feet to 
magnify 83 times— in order to procure a power four times as 
great, or 182 times, we must extend the tefescope to the length 
of 48 feet, or 16 times the length of the other. Much, me- 
wise, depends upon the breadth or aperture of the object-glass. 
If it be too small, th&re will not be sufficient Hght to iHuminate 
the object ; and if it be too large, the redundance of light wiQ 
produce confusion in the image. 

The following table, constructed originally by Huygens, 
and which I have re-calculated and corrected, shows the miear 
aperture, the focal distance of the eyegfess, and the magnify- 
ing power of astronomical telescopes of oifierent lengths, which 
may serve as a guide to those who wish to construct telescopes 
of this descriptbn : 



f^oaldtstaaoeorUM 


LtecMT aperture of ' 


VoeiadlttuiMoftlw 


MasnUyinff powcf. 




the ofaied-ffbuM. 


eyegla... 


l^ML 


Ine. Dec 


Inc. Dec. 




1 


.545 


.605 


20 


2 


.76 


.84 


28.5 


3 


.94 


1 .04 


34.6 


4 


1 .08 


1 .18 


40 


5 


1 .21 


1 .38 


45 


6 


1 .32 


1 .45 


50 


7 


1 .43 


1 .58 


53 


8 


1 .53 


1 .69 


56.8 


9 


1 .62 


1 .78 


. 60.6 


10 


1 .71 


1 .88 


63.8 


15 


2 .10 


2 .30 


78 


20 


2 .43 


3 .68 


89.5 


30 


3 .00 


3 .28 


109 


40 


3 .43 


3 .76 


127 


50 


3 .84 


4 .20 


142 


60 


4 .20 


4 .60 


156 


70 


4 .55 


5 .00 


168 


80 


4 .83 


5 .35 


179 


90 


5 .15 


5 .65 * 


190 


100 


5 .40 


5 .95 


900 


120 


5 .90 


6 .52 


290 



In the above table the first column expresses the focal length 
of the object-glass in feet, the second column the diafoeter of 
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the aperture* i^ the object-^ass,.the third column the focal 
distance of the eyeglass, and the fourth the magnifying power, 
which is found by reducing the feet in the first cmumn to 
inchesj and dividing by the numbers in the third column. 
FiQm this table it appears that, in prder to obtain a magnify- 
ing power of 168 tunes by this kind of telescope, it is requi^ 
site to haye an object-glass of 70 feet focal distance, and an 
eyeglass five inches focusi -and that the aperture of the object- 
gkss ought not to be more than about 4^ inches diameter. 
Td obtain a power of 220 times requires a length of 120 feet* 

The following is a summary view of the properties of this 
telescope: 1. The object is always inverted. 2. The magni- 
fying power is always in the proportion of the focal distance 
of the object-glass to the eyeglass. 3. As the rays emerging- 
fipom the eyeglass should be rendered parallel for every eye, 
there is a BiaaR sliding tube next the eye, which should be. 
pushed out or in till the object appears distinct. When ob- 
jects are pretty near, this tube requires to be pulled out a 
little. These circumstances require to be attended to in all 
telescopes. 4. The apparent magnitude of an object is the 
same wherever the eye be placed, but the visible area, or 
field of view, is^eatest when the eye is nearly at the focal 
distance of the eyeglass. 5. The visual anc^le depends on 
the breadth of the eyeglass, for it is equal to the angle which 
the eyeglass subtends at the object-glass ; but the breadth of 
the eyeglass cannot be increased beyond a certain limit with- 
out producing colouring and distortion. 

If the '^general principles on which this telescope is ccm- 
structed be thoroughly understood, it will be quite easy for the 
reader to understand the construction of all the other kinds 
of telescopes, whether refracting or reflecting. A. small 
astronomical telescope can be constructed in a few moments, 
provided one has at. hand the foUpwing lenses : 1. A common 
reading-glass, eight or ten inches focal distance ; 2. A common 
Daagnifying lens, such as watchmakers or botanists use, of 
about li or 2 inches focus. Hold the reading-glass — sup-, 
pose of ten inches focus— ^in the left hand opposite any cb- 

C, and the magnifying lens of two inches focus in the right 
d near the eye, at twelve inches distance from the other 
hi a direct line, and a telescope is formed which magnifies 

* The word tmerture, as applied to object-classes, signifies the openintf 
to let in the l%nt, or that part of the object-glass which is left uncovered. 
An object-glass may be 3 inphes in diameter, but if one inch of this dla^ 
loeter be covered, its aperture is said to be only 2 inches. 



fire tisiea* I Ita^e frequenll f used this fisi^ ^Imn tn^at^ 
liogt wh&a no other telescope wts atlisad. 

8ECT« m. — THS ASRIAI. TSLESCOPB^ 

The verial ui a rtfrftcttiif tdeicope of the MoA we Jtotd 
BOW deacrihed, intended to be used withoat a tube ma daik 
sight ; for the nae of a tabe ia not onfy-to direct ^ glassesy 
bat to make the place cbric where the imagea are ibrmed. It 
appeafSy from the preceding table, that we cannot obtain a 
high magnifpng power wiUi the cmnmon aatroncnnical tele- 
scope w&oat making it of an extreme length, in which case 
Ae ffhaaes are not manageable in tubes — which am eitlref 
too aug^t and apt to bend, or too heary ai|d unwieldy if ma^e 
of wood, iroDt or other strong materials. The astronomeis 
oi the serenteenth century, feeling such inconveniences in 
making celestial observations with long tubes, contrived a 
nethod of using the glasses without ti^es. Hartsoekei^, an 
eminent optician, contrived to fix them at the t(^ of a tree, a 
htgk wall, or the roof of a house ; but the celebrated Huygens^ 
who was not only an astronomer, but a^o an^ excellent me* 
chaaio^made considerable improvements in the method of 
using an object-glass without a tube* He placed it at the t(^ 
of a very long p(^,. having previousljr enclosed it in a short 
tabe, which was made to turn in aM directioira by means of a 
ball and socket* The axis of this tube he could command 
with a fine silken string, so as to Wing it into a Ime with the 
axis of another short tube which he neld in his himd, and 
which contained the eye-glass. Th!e fcdlowing is a nKMre 
particular description of one of these telescopes^ On the top 
of a long pole or mast, a b (fig. 45,) is fixed a board movaW 
up and down in the channel ed^ e is a perpendicular arm 
fixed. to it, and // is a transverse board that supports the 
object-glass enclosed in the tube t, which is raised or lowered 
by means of the silk cord r /; g g is an endless rope with a 
fveight h, by which the apparatus of the object-glass is cotis^ 
lerpoised ; A / is a stick fastened to the tube t ; m the ball and 
socket, by means of which the object-glass is movable every 
way; and, to keep it steady, there is a weight, n, suspended 
by a wire ; / is a short wire to which the thread r / is-tied ; 
a is the tnbe which holds the eyeglass ; q the stick fixed to 
this tube, a a leaden bullet, and t a spool to wind the thread 
on ; U is pins for the thread to pass through ; ar the rest for 
the observer to lean upon, and y the lantern. Fig. 46 k an 
apparatus contrived by.M . de la Hire for managing the objeot^ 
glass, but which it would be too tedious particularly to de^ 
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8Q|il». To teep off the dew from the object-glass, it was 
sometimes included in a pasteboard tube, made of spongy' 
P»per, to absorb the humidity of the air. And, to find an 
object more readily, a broad annulus of white pasteboard was 
Pttt over the tube that carried the eye^ass, upon which the 
ima^ of the o\)ject being painted, an assistant who perceived 
U nought direct the tube of the eyeglass into its place. 

Such was the- construction of me telescopes with which 
H^Telitia, Huygens^ Cassini, and other eminent astronomers 
^the seventeeiith eentuiy made their principal discoveries. 
With such telescopes Huygens discovered the fourth satel- 
"^ of Saturn, and determin^ that this planet was surrounded 
^^ a rms ; and with the same kind of instrument Cassini 
detected the fiint, second, third, and fifth satellites of Saturn, 
y^ made his other discoyeries. When the night was very 
^•A, they wetre obliged to make the object-gla^s visible by 
^^^^ of a lantern so constructed as to throw the rays of light 
^P to it m a parallel diiecticai. In making such obswrratioM 
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they must- have taken incrediUe pains, endoied mneh cdd 
and fatigue, and subjected themaelyes to very great labour 
and expense — ^whick almost makes us wonder at the disoo- 
reries they were instrumental in brin^ring to light^-and 
should make modem philosophers sensibk ci the oUigations 
they are under to such men as Newton and DoUond, t&rougli 
whose inventions such unwieldy instruments are no longer 
necessary. T^escopes of the descripticHii now stated were 
made of all sizes, from 80 to above 120 feet in length. Divim 
at Bome, and Campani at Bologna, were &med as makto 
1^ the object-glasses of the long focal distance to which we 
have alluded, who sold them for a mat price, and took eyerv 
method to keep the art of making mem a secret. It was with 
telescopes maoe by Campani that Cassini made his disco- 
veries. They were made by the express order of Louis XIY., 
and were of §6, 100, and 136 Paris feet in focal length. M 
Auzout made one object-^ass of 600 feet focus ; but he was 
never able to manage it so as to make any practical observa^ 
tions with it. Hartsocker is said to have made some of a 
stiH greater focal length. The famous aerial telescope of 
Huygens was 128 feet in focal length, with six inches of 
aperture. At his death he bequeathed it to the Royal Society 
of London, in whose possession it still remains. It required 
a pole of more than a hundred feet high on which to pkce 
the object-dass for general observations. It was with this 
glass that Dr. Derhwn made the observations to which he 
alludes in his preface to his " Astro-Theologjr.*' When this 
glass was in the possession of Mr. Cavendish, it was com- 
pared with one of Mr. Dollond's forty-six inch treble object- 
fflass acbromatics, and the gentlemen who were present at 
tne trial said that ** the Dwarf was fairly a match for the 
Giant.'^ It magnified 218 times, and the trouble of manag- 
ing it was said to be extremely tiresome and laborious. 



SECT. IV. — THE COMMON REFRACTINO TELESCOPE, FOR m- 
RESTRIAL OBJECTS. 

This telescope is constructed on the same principle as the 
astronomical telescope already described, with the addition 
of two or three glasses. In %. 47, O B represents a distant 
object, L N the object-glass, which forms t}ie image I M in 
its focus, which is, of course, in an inverted position, and, if 
the eye were applied at the lens E E, the object would ap- 
pear exactly as through the astronomical telescope, every 
object being apparently turned upside down. To. remedy 
this inccmvenience, there are added two other glasses, F F 
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adt G G, by which a second image is fonned from the first, 
kl the same position as the object. In order to efiect this, the> 
fist of these two glasses, namely, F F, is [placed at twice itS; 
fecal distance ifrom the former glass, E E, and the other len»> 
QQi next the eye, is placed at the same distance from F F; 
te.dl the three glasses are supposed to be of the same focal 
d^^ce. Now the lens F F, being placed at twicef the focal 
^Stance for parallel rays from E E, re'ceives th^ p^ttbils of 
parallel rays after they have crossed each other at X, and 
ferns an image at t m similar to that at t M, and equal to if, 
^t contrary in position, and consequently erect; wtichjast 
iffiageis viewed by the lens G G, in the same manner as the 
first image, I M, would be viewed by the lens E E. In this 
case the image I M is considered as an object to the lens F F, 
of which it forms a pidtore in its focus, in a rererse position 
from that of the first image, and, of course, in the same posi* 
tion as the object. i*. 

The magnifying power of this telescope is determined pre- 
cisely in the safme wav as that of the astronomical telescope. 
Suppose the object-glass to be thirty inches local distance, 
and each of^ the ey^glassep 1^ inch focal distance, the mag- 
niiving power is in the proportion of 30 to li, or 20 times, 
and the instrument is, of course, considerably longer than ^n 
astionanjcal telescope of the same power. The distance in 
this case, between the object-gkss and the first eyeglass, E E, 
is 8U inches ; the distance between E E and the second 
gjass, F F, is 3 inches, and the distance between F F and 
the glass G G, next the eye, 3 inches ; in all 37^ inches, the 
whcMe length of the telescq>e. Although it is usual io 'make 
086 of three eyeglasses in this telescope, yet two will cause 
the object to appear erect, and of the same magnitude. For, 
suppose the middle lens, F F, taken away, if the first lens, 
£ £, be placed at X, which b double its meal distance from 
the unxL^ I M, it will, at the same distance, X m, on the 
other side, form a secondary image, i m, equal to the primary 
image I M, and also in a contrary position. But such a 
combination of eyeglasses produces a great degreeof colon i- 
ing in the ioNtge, and therefore is seldom used. Even th6 
combination now described, consirting of duee leniies of eqnn» 

Vol. IX. 15 
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focal distances, is now almost obsolete, and has given place 
to a much better arrangement, consisting of. four glasses of ^ 
different focal distances, which shall be afterward described. 
The following figures, 48, 49, 50, represent the manner in 
which the rays of light are re£nu:ted through the glasses of 



the telescopes we have now described. Fig. .48 represents 
the rays of light as they pass from the object to the eye in the 
Gkililean telescope. After passing in a parallel direction to 
the object-glass, they are refracted by that glass, and undergo 
a slight convergence in passing towards the concave eyegiass, 
where they enter the eye in a parallel direction, but no im- 
age is formed previous to their entering the eye till they arrive 
at the retina. Fig. 49 represents the rays as they pass 
through the glasses of the astronomical telescope. The rays, 
after entering the object-glass, proceed in a converging direc^ 
tion till they arrive at its focus about A, where an image of 
the object is formed; they then proceed diverging to the eye- 
glass, where they are rendered parallel, and enter the eye in 
that direction. Fig. 60 represents the rays as they conveige 
and diverge in passing through the four glasses of the com- 
mon day-telescope described above. After passiing through 
the object-glass, they converge toward B, where the first ' 
image is formed. They then diverge towards* the first eye- 
glass, where thev are rendered parallel, and, passing through 
the second eyeglass, they again converge and form a second 
image ^t C, from which point they again diverge, and, pass- 
ing through the first eyeglass, enter the eye in a parallel 
direction. If the glasses of these telescopes were fixed on 
long pieces of wood, at their proper distances from each other, 
and placed in a darkened room, when the sun is shining, the 
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beam of'the sun's light would pass through them in the some 
manner as here represented. 

SECT. T. — TBLESCOPK FORMED BY A SINGLE LENS. 

This is a species of telescope altogether unnoticed hy opti* 
od writers, so far as I know ; nor has the property of a single 
*^ iki mag^fying distant objects been generally adverted to 
Ognised. It may not, therefore, be inexpedient to state 
experiments which I have made in relation to this 
When we hold a spectacle-glass of a pretty long focal 
9— say from 20 to 24 inches— close to the eye, and di- 
ito distant objects, they do not appear sensibly magni* 
^ But if we hold the glass about 12 or 16 inches from 
»; we shall perceive a sensible degree of magnifying 
f as if distant objects were seen at less than half the 

^ ^ at which they are placed^ This property of a spec** 

iib<|ftass I happened to notice when a boy, and on difiereat 
<W9iittons since that period have made several experiments 
M the subject, some of which I shall here relate. 

With the object-glass of a common refracting telescope, 4| 
feet focal distance, and 2 J inches diameter, I looked at distuit 
objects — ^my eye being at about 3 J feet from the lens, or about 
10 or 12 inches within its focus — and it produced nearly the 
same effect as a telescope which magnifies the diameters of 
objects 5 or 6 times. With another lens, 11 feet focal dis^ 
tance and 4 inches diameter, standing from it at the distance 
of about 10 feet, I obtained a magnifying power of about 12 
or 14 times, which enabled me to read the letters on the sign- 
posts of a village half a mile distant. Having some time ago 
procured a very large lens, 26 feet focal distance and llA 
inches diameter, I have tried with it various experiments of 
this kind upon different objects. Standing at the distance of 
about 25 feet from it, I can see distant objects through it mag- 
ged about 26 times its diameter, and consequently 670 
wines in surface, and remarkably clear and distinct, so that I 
^ distinguish the hour and minute hands of a public clock . 
ID a village two miles distant. This single lens, therefore, 
*Q8wers the purpose of an ordinary telescope with a p6wer 
^86 times. In. making such experiments, our eyes must 
ways be vnthin the focus of the lens, at least 8 or 10 inches. 
The object will, indeed, be seen at any distance from the 
5f«8s within this limitf but the magnifying power is dimin- 
^bed in proportion as we approach. nearer to the glass. Dif- 
ferent eyes, too, will require to place themselves at different 
distances, so as to obtain the greatest degree of magnifying 



172 TILS800PK OV ▲ 3£N*GLU LBNS. 

power widi distinctiiess, ac€<^rding as indivtduals are long <xt 
short-sighted. 

This kind of telescope stands in no need o[ a tube, but 
only of a smaQ pedestal on which it may be placed on a table, 
nearly at the height of the eye, and that it be capable of a 
motion in a perpendicular or parallel direction, to bring it in 
a line with tne eye and the object. The principle on which 
the magnifying power in this case is produced, ia materiaUy 
the same as that on which the QaHlean telescope depends. 
The eye of the obserrer serves inkead of the concave lens in 
that instrument ; and as the concave lens is placed as much 
within the focus of the object-glass as is equal to its own focal 
distance, so the eye, in these experiments, must be placed at 
least its focal distance within the focus of the lens with which we 
are experimenting ; and the magnifying power will be nearly 
in the proportion of the focal distance of the lens to the focal dis- 
tance of the eye. If, for example, the focal distance of the eye, 
or the distance at which we see to read distinctly, be 10 inches, 
and the focal distance of the lens 1 1 feet, the magnifying power 
will be as 11 feet, or 132 inches to 10, th^t is, about 13 times. 

Figure 51 . 




Let A (fig 51) represent the lens placed cm a pedestal ; tire 
mys of light passing' through this lens from distant objects 
will convolve towards a focus at P. If a person then place 
his eye at !@, a certain distance within the £ocal point, he will 
see (fistant objects magnified nearly in the piopor^on of the 
fecal distance of the lens to that of the eye ; and^ when the 
lens is very broad — such as the 26 feet lens mentioned above 
— two or three persons may look through it at once, though 
they will not all see the same object. I have allud^ above 
to a lens made by M . Azout of 600 feet f<)cal distance.. Were it 
possiUe to use such a lens fwr distant objects, it might repre- 
sent them Bfi magnified 5 or 600 tmiesv without the applica- 
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lien of any eyeglass. In this way the aerial telescope of 
Huygens would magnify olyects above 100 times, which is 
alwut half the magnifying power it produced with its eye- 
piece. Suppose Azout's lens had been fitted up as a tele^ 
scope, it would not have magnified above 480 times, as ii 
woold have required an eyeglass of 14 or 15 inches focal 
distance, whereas, without an eyeglass, it would have magni- 
fied objects considerably above 500 times. It is not unlikely 
that the species of telescope to which I have now adverted con- 
stituted one of those instruments for magnifying distant objects 
wluch were said to have been in the possession of certain per- 
8(m long befpre their invention in Holland, and by Galileo in 
Italy, to which I have referred in p. 137. Were this kind 
of telescope tp be applied to the celestial bodies, it would re- 
quire to be elevated upon a pole in the manner represented 
in fig. 45, p, 167. 

SECT. VI.— THE ACHROMATIC TELESCOPE. 

This telescope constitutes the most important and useful 
improvement ever made upon telescopic instmpients, and it 
is probable it will, ere long, supersede the use of all other 
telescopes. Its importance and utility will at onee appear 
when we consider that a good achromatic telescope of only 4 
or 5. feet in length will bear a magnifying power as great as 
that of a common astronomical telescope 100 feet long, and 
even jvith a greater degree of distinctness, so that they are 
now come into general use both for terrestrial and celestial 
observations. Theire are, indeed, certain obstructions which 
prevent their being made of a very large size ; but from the 
improvement in the manufacture of ad»omatic g^s which 
is now going forward, it is to be hoped that ^e difficulties 
which h&ve hitherto impeded the progress of opticians will 
soon be removed. In otdet to understand the nature of this 
telescc^, it will be necessary to advert a little to the imper' 
fictions connected with common refracting telescopes. 

The first imperfections to which I i^ude is this, that sphe^ 
fical suffacea do not tefract the ray a ofHght accurately to a 
point; and hence the image formed by a single convex lens 
18 not perfectly accurate and distinct. The rays which pass 
near the extremities, of such a lens meet in. foci nearer to the 
lens than those which pass nearly through the centre, which 
niay be illustrated by the following %ure : Let P P (fig. 52) 
bo a convex lens, and E c an object, the ptqnt E of which 
corresponds with the axis, and sends forth the rays E M, 
EN, E A, &c., all of which reach the surface of the glass 
15*- 
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Figunn. 




but in di^rent parts. It is manifest that the ray £ A, wliich 
passes throuffh the middle of the glass, safiers no refraction. 
The rays E M, E M, likewise, wmch pass through near to 
£ A, will be convei^ged to a foctis at F, which we- generally 
consider as the focus of the lens. But the rays EN, £ N, 
which are nearer to the edge of the glass, will be diJSerently 
refracted, and will meet about G, nearer to the lens, Mrhere 
they will fona another image, Q g. Hence it is evident that 
the first image, F/, is formed only by the union of those Tays 
which pass very near the centre of the lens ; but as the .rays 
cf light proceeding from every point of an object are very 
numerous, there is a succession of images formed^ aceording 
to the parts of the lens where they penetrate, which neces- 
sarily produces indistinctness and confusion. This is the 
imperfection which is distinguished by the name of spherical 
oberraHonf or the error arising from the spherical fonn of 
lenses. 

The second and most important imperfection of single 
lenses, when used for the object-glasses of telescopes, is, that 
the rays of compounded li^t being diflferently refriem^rfble, 
come to their r^pecttve foci at di&rent distances fircyen- the 
glass; the more refrangiHe rays, as the vtoletj ccm verging 
sooner than those which are less refrangible, as the red. I 
have had occasion to illustrate this circumstance, when treat- 
ing cm the colours produced by the prism, (see p. 10 J, and 
figures S2 and 8^) and it is confirmed by the experiment of 
a paper pdnted red, throwing its image, by means of a lens, 
at a greater distance than another paper painted blue^ Ffc»n 
such facts and experiments, it appears that the image of a 
white object consists of an indefinit<3 number of coloured 
imaged, the violet being nearest, and the red farthest from 
the Tens, and the images of intermediate colours at interme^ 
diate distanced. The aggregate, or image itself, must there- 
fore be in Some degree confused ; and this confusion beii^ 
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much increased* by the magnifying power, it i$ found neces- 
sary to use an eyeglass of a certain limited convexity to a 
given object-glass. ^ Thus, an object-glass of 34 inches focal 
KQgth v^ill bear an eyeglass of only one inch focus, and will 
magnify the diameters of objects 34 times ; one of 50 feet 
focal distance will require an eyeglass of 4 5 inches focus,. 
and will magnify only 142 times ; whereas, could we apply 
to it an eyeglass of only one inch focus, as in the former case, 
it wcHild magnify no less than 600 times. And were we to 
construct an object-glass of 100 feet focal length, we should 
require to apply an eyeglass not less than six inches focus, 
which would produce a power of about 200 times ; so that 
there is no- possibility of producing a great power by single 
lenses without extending the telescope to an immoderate 
length. 

Sir Isaac Newton, after having made his discoveries re- 
specting the colours of light, considered the circumstance we 
have now stated as an insuperable barrier to the improve- 
ment of refracting telescopes, and therefore turned his atten- 
tion to the improvement of telescopes by reflection. In the 
telescopes which he constructed and partly . invented, the 
images of objects are formed by reflection from speculums or 
mirro):s ; and !)eing free from the irregular convergeney of 
the various coloured rays of Hght, will admit of a much larger 
i^rture and the apphcation of a much greater degree of mag- 
nifying power. The reflector which Newton constructed was 
cfdj SIX inches long, but it was capable of beariiig a power 
equal to that of a six feet refmctor. It was a long time, how- 
ever, after the invention of these telescopes, before they were 
made of a $ize fitted for making celestial observations. After 
reflecting telescopes had been some time in use, Dollond 
made his famous discovery of the principle which led him to 
the ccmstruction of the aeAroma^'c . telescope. This inven- 
tion consists of a compound object-glass formed of two dif- 
£3rent kinds of glass, by which both the spherical aberration 
and the errors arising from the diflferent refr^igibility of the 
rays of light are in a great measure corrected. For the ex- 
planation of the nature of this compound object-glass and of 
the eflfect^ it produces, it may be expedient to oflfer the follow- 
ing remarks respecting the dispersion of light and its refrac 
ti<m by difierent substances. 

The dispersion of light is estimated by the variable angle 
formed by the red and violet rays which bound the rolaj' 
spectrum, or, rather, it is the excess of the refraction of the 
aaost refrangible my above that of the least refrangible lay 
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The dispersion is not proportional to the refractiooy that is, 
the suhstances which have an equal mean reaction do not 
disperse light in the same ratio. For example, if we make a 
prism with plates of glass, and fill it with oil of cassia, and 
adiust its refracting angle, A C B, (fig. 31, p. 100,) so that the 
middle of the spectrum which it forms falls exactly at the 
same place where the green rays of a spectrum formed by a 
glass prism would fall, then we shall find that the spectrum 
formea by the oil of cassia prism will be two or three times 
longer than that of the glass prism. The oil of cassia, there- 
fore, is said to disperse the rays of light more than the glass, 
that is, to separate the extreme red and violet rays at O and 
P more than the mean ray at green^ and to have a greater 
dispersive power. Sir I. Newton appears to have n^e use 
of prisms composed of difierent substances, yet, strange to 
tell, he never observed that they formed spectmms whose 
lengths were difierent when the refraction of the green ray 
was the same, but thought that the dispersion was propor- 
tional to the refraction. This error continued to be overlo(4ced 
by philosophers for a considerable time, and was the cause 
ci retarding the invention of the achromatic telescc^ for 
more than 60 years. 

DoUond was among the first who detected this error. 1^ 
h^ experiments it appears that the dififerent kinds c^ glass 
difiler extremely with respect to the divergency of colours 
produced by equal refractions. He found that two prisms, 
one d* white flint glass, whose refracting angle was about 35 
degrees, and another of crown glass, whose refracting angle 
was about 29 degrees, refracted the beam of light nearly 
alike, but that the divergency of colour in the white flint was 
considerably more than in the crown glass; so that when 
they were applied together, to refract contrary ways, and a 
beam of light transmitted through them, though the emergent 
continued pairallel to the incident part, it was, notwithstaniOng, 
separated into component coloura. From this he inferr^ 
that, in order to render the emergent beam white, k is ne- 
cessary that the refracting angle of the prism of crown glass 
-shoula be increased^ aiid by repeated experiments he dis- 
covered the exact quantity. By these means he obtained a 
theory in which refraction was performed without any separ 
ration or divergency of colour, and thus the way was prepare 
for applying the principle he had ascertained to the con- 
struction of the object-glasses of refracting telescopes. For 
the edges of a convex and concave lens, when placed in am- 
tact wuh each other, may be considered as two prisms which 
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wfract coiitrary ways ; and if the excess of refraction in the 
one be such as precisely to destroy the divergency of colour 
in the other, a colourless image will he formed. Thus, if 
two lenses are made of the sama focal length, the one of flint 
glass and the other of ctown, the length or diameter of the 
coloured image in the first will be to that produced by the 
crown glass as three to two nearly. Now if we make the 
focal lengths of the lenses in this proporticm, that is, as three 
to two, the coloured spectrum produced by each will be equal. 
But if the flint lens be concave, and the crown convex, when 
placed in contact they will mutually correct each other, and 
a pencil of white lignt refracted by the compound lens will 
remain colourless. 

The following figure may perhaps illustrate what has been 
now stated. I^t L L (fig. 53) repre&(^nt a convex lens of 

Figun 53. 




cmon ghsSf and / / a concave lens ofjlint gloBM. A ray of 
the sun, S, &lls at F on the convex lens, which will refract it 
exactly as the prism ABC, whose faces touch the two sur- 
&ce8 of the lens at the points where the ray enters and quits 
it. The solar ray, S F, thus refracted by the lens L L, or 
prism ABC, would have formed a spectrum, P T, on the 
wall, had there been no other lens ; the violet ray, F, crossing 
the axis of the lens at V, and going to the upper end, P, of 
the spectrum ; and the red ray, F R^ going to the lower end, 
T. But as the flint glass lens / /, on the prism A a C, which 
receives the rays F V, F B, at the same pointa, is interposed, 
these rays will be united at/, and form a small circle of white 
light; the rays S F of the sun being now refracted witho^ 
colour from its primitive direcfion S F Y into the new ck 
lection F/. In like manner the corresponding ray S M wiii 
be refracted to/, and a white and coburless image of the suit 
will be there formed by the two lenses. In this combination 
of lenses, it is^ cbvioius that the spherical aberratian of th^ 
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flint lens corrects to a considerable degree that of the crown 
^lass, and by a proper adjustment of the^ radii, of the surfaces. 
It may be ahnost wholly removed. This error is still more 
completely corrected in the triple achromatic object-glass, 
which consists of three lenses — a concave flint lens placed 
between convexes of crown glass. Fig. 54 shows the dovbU 
achromatic lens, and fig. 55 the triple object^lass, as they 
are fitted up in their cells, and placed at the object->end oif 

Fifurt 64. Figure 55. 





the telescope. In consequence of their producing a focal 
image free of colour, they will bear a much larger aperture 
and a much greater magnifying power than common refiract- 
ipg telescopes of the same length. While a common tele- 
scope whose object-^lass is 3$ feet focal distance will bear 
an aperture of scarcely one inch, the 3^ feet achromatic will 
bear an aperture of 3^ inches, and consequently transmits 
lOi times the quantity of light. While the one can bear ai 
magnifying power of only about 36 times, the other will bear 
a magnifymg power for celestial objects of more than 200 
times. 

The theory of the achromatic telescope is somewhat com- 
plicated and abstruse, and would require a more lengthened 
investigation than my limits will permit. But what has been 
already stated may serve to give the reader a general idea of the 
principle on which it is constructed, which is all I intended. 
The term achromatic, by which such instruments are now 
distinguished, was first givep to them by Dr. Bevis. It is 
compounded of two Greek words which signify "free of 
colour." And were it not that even philosophers are nw 
altogether free of that pedantry which induces us to select 
Greek words which are unintelligible to the mass of mankind, 
they might have bet-n content^ with selecting the plain 
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English ward coUmrUsa, which is as significant and expres- 
siye as the Qreek wcNrd achromatic. The crown glasa^ of 
which the convex lenses of this telescope are made, is the 
same as s^ood common window-glas^ ; and the ,/Kn/ glass is 
that species of glass of which wine-glasses, tumblers, de^ 
canters, and similar articles are formed, and is sometimes 
distinguished by the name ot <^r3rstal gkss. Some opticians 
have occasionally formed the concave lens of an achramatic 
object-glass from the bottom of a broken tumbler. 

This telescope was invented and constructed by Mr. John 
Dollond about the year 1768. When he began his researches 
into this subject, he was a silk weaver in Spitalfields, London. 
The attempt of the celebrated Euler to form a colourless tele- 
scope, by including water between two meniscus glasses, 
attracted his attention, and in the year 175;) he addressed a 
letter to- Mr. Short, the optician, which was published in the 
Philosophical Transactions of London, "concerning a mistake 
in Euler's theorem for correcting the aberrations in the object- 
glasses of refracting telescopes." After a great variety of 
experiments on the refractive and dispersive powers of dif- 
ferent substances, he at last constructed a telescope in which 
an exact balance of the opposite dispersive powers of the 
crown and flint lenses made the colours disappear, while tbe 
predominating refraction of the crown lens disposed the 
achromatic rays to meet at a distant focus. In constructing 
such object-glasses, however, he had several difficulties to 
encounter. In the first place, the focal distance as well as 
the particular surfaces must be very nicely proportioned to 
the densities, or refractive powers of the glasses, which are 
▼ery apt to vary in the same sort of glass made at different 
times. In the next place, the centres of the two glasses 
must be placed truly in the common axis of the telescope, 
otherwise the desired effect will be in a great measure de- 
stroyed. To these difficulties is to be added, that there are 
four surfaces (even in double achromatic object-g^ssesj to be 
bought perfectly spherical; and every person practised in 
optical operations will allow that there must be the greatest 
^uracy throughout the whole work. But these and other 
difficulties were at length overcome by the judgment and 
perseverance of this ingenious artist. 

It appears, however, that Dollond Was not the only person 
who had the merit of making this discovery — a private gen- 
tleman, Mr. Chest, of Chest Hall, a considerable number of 
years before, having made a similar discovery, and applied il 
to the same purpose. This fact was ascertained in the course 
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of a procett raised against Ddlond, at the instance ci W«ti> 
kins, optician at Chafing Gross, when applying forH patent. 
But as the other sentfeman had kept his inventioii a secret, 
and DoUoad had hrooght it forth lor the benefit of the pubtic, 
the decision was ffiren in his fayour. There was no evi- 
dence that DoUond borrowed the idea from his coinpetk<»r, 
and both were, to a certain extent, entitled to the meiits of 
the inyentiQii* 

One of the greatest obstructions to the construction of large 
achromatic telescopes is the difficulty of procuring large diMs 
of flint glass of a uniform refractive density, of good colooj, 
and free from veins. It is said that, fortunately lor Mr. DdL- 
lond, this kind of fflasa was procurable when he began to 
make achromatic telescopes, though the attempts of ingenious 
chemists have since been exerted to make it without much 
success. It is also said that the glass employed by DoUbnd 
in the fabrication of his best telesc(^s was of the same melt- 
ing, or made at the same time, and that, excepting this par- 
ticular treasure, casually obtained, ^ood dense glass far 
achnxnatic purposes was always as difficult to be procured as 
it is now. The dispersion of the flint ^lass, too, is so variable, 
that, in forming an achromatic lens, tnals on each specimen 
required to be made before the absolute proportional disper- 
sion of the substances can be ascertained. It is owing m ^ 
great measure, to the§e circumstances that a large and good 
achromatic telescope cannot be procured unless at a very 
high price. Mr. TuUey, of Islington— -who has been long 
di8tinguishe4 as a maker of excellent achromatic instruments 
—showed me, about six years ago, a rude piece of flint glass 
about five inches diameter, intended for the concave len3 (^ 
an achromatic object-glass, for which he paid eight guineas. 
This was before the piece of glass was either figured or p<S- 
ished, and, consequently, he had still to perform the delicate 
operation of figuring, polishing, and adjusting this concave to 
the convex lenses with which it was to be combined ; U3td» 
durinjgr the process, some veins or irregularities might be de- 
tectedin the ffint glass which did not then appear. Some 
years before, he procuied a disc of glass from the Continent, 
about seven or eight inches diameter, for which, he paia 
about thirty guineas, with which an excellent telescope, 
twelve feet focal length, was constructed for the Astronomical 
Society of Loudon. It is obvious, therefore, that large achro- 
matic telescopes must be charged at a pretty hi^h price. 

In order to stimulate ingenious chemists and optician^ to 
make exper'ments on this subject, the Board of Longitude, 
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more than half a century aga, offered a considerate reward 
hr brmging the art of maldns^ good flint glass for optic^ pur- 
pom to the recpisite perfection. But considerable di^ulties 
arise in attempting improYements of this kind, as the experi- 
ments must all be tried on a very large scale, and are ne- 
oessarily attended with a heavy expense; and, although 
goremment has been extremely liberal in voting money for 
warlike purposes, and in bestowing pensions on those who 
stood in no need of them, it has thrown an obstruction in the 
way of siith experiments by the heavy duty of excise, which 
is rigorously exacted, whether the glass.be manufactured into 
saleable articles or not, and has thus been instrumental in re- 
tarding the progress of iihprovement and discovery. It would 
appear that experiments of this kind have been attended with 
Biore success in France, Germany, and other places on the 
Continent than in Britain, as several very laxge achromatio 
telescopes have been ccmstructed in those countries by means 
oCfiint glass, which was cast for the purpose in difier^it manu- 
factories, and to which British artists have been considerably 
indebted, as the London opticians frequently purchase their 
largest dkcs of flint glass from Parisian agents. Gxdnaud, a 
Continental experimenter, and who was originally a cabinet-, 
maker, appears to have had his labours in this department of 
art crowned with great success. Many years were employed 
in his experiments, and he too freauently, notwithstanding 
aU his attention, discovered his metal to be vitiated by strisB, 
specks, or ratins, with cometic tails. He constructed a fur- 
nace capable of melting two cwi. of glass in one mass, which 
he sawed vertically, and polished one of the sections, in order 
to observe what ha<l taken place during the fusion. From 
time to time, as he obtained blocks including portions of good 
|;lass, his practice was to separate them by sawing the bbcks 
mto horizontal sections, or perpendicular to their axes. A 
fortunate*accident conducted him to a better process. While 
his men were one day carrying a block of this glass on a hand- 
barrow to a saw-mill whicn he had erected at the Fall of the 
Dottbsr the mass slipped from ite bearers, and rolling to the 
bottom of a steep and rocky declivity, was broken to pieces. 
Goinaud having selected those fragments which appeared 
perfectly homogeneous, softened them in circular moulds in 
sach a manner, that, on cooling, he obtained discs that wejre 
afterward flt for woricing. To this method he adhered, and 
contrived a way for clearing his glass while cooling, so that 
the fractures should fbllow die most faulty parts. When flaws 
occurred in the large n^asses, they were removed by cleaving 
Vol. IX. 16 
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the pieces with wedges ; then smelting them again in moiildsY 
which grave them the form of discs. The Astronomical So- 
ciety of London have made tual of discs made by Guinaud, 
and have found them entirely homogeneous and' fr^e from 
fBLulU Of this ingenious artbt's flint glass some of the larger 
achromatic telescopes on the Continent have been constructed. 
But it is more than twenty years since this experimenter 
took his flight from this terrestrial scene, and it is uncertain 
whether hiff process be still cfurried on with equal success. 

Notices of some large Achromatic Telescopes on the Conti- 
nent and in Great Britain. 

1. 7^e Dorpat Telescope, — This is one of the largest and 
most expensive refracting telescopes ever constructed. It 
was made by the celefcnrated Fraunhofer, of Munich, for the 
Observatory of the Imperial University of Dorpat, and was re- 
ceived into the Observatory by Professor Struve, in the year 
1825. The aperture d'the object-glass of this telescope ia 9^ 
Enghsh inches, and its solar focal len^h about 14 feet, the 
main tube being 13 French feet, exclusive of the tube which 
hcdds the eyepieces. The smallest of the four magnifying* 
powers it possesses is 175, and the largest 700, which, in 
favourable weather, is said to present the object with the ut- 
most precision. " This instrument," says Struve, ** was sold 
to us by Privy-counsellor Von Utzchneider, the chief of the 
optical estabushment at Munich, for 10,500 florins, (about 
j8950 sterling,) a price which cmly covers the expenses which 
the establishment incurred in making it." The framework 
of the stand oi this telescope is of oak, inlaid with pieces of 
mahogany in an ornamental manner, and the tube is of deal 
vaneered with mahogany and highly polished. The whole 
weight of the telescope and its counterpoises is supported at 
one point, at the common centre of gravity of all its parts ; 
and though these weigh 3000 Russian pounds, yet we are 
-told that this enormous telescope may be turned in every di- 
rection towards the heavens with more certainty than any 
other hitherto in use. . When the object end of the telescope 
is elevated to the zenith, it is sixteen feet four inches, Paris 
measure, above -the floor, and its eye end in this position is 
two feet nine inches high. This instrument is mounted on 
an equatorial stand, and clock-work is applied to the equa- 
torial axis, which gives it a smooth and regular sidereal 
motion, which, it is said, keeps a star in the exact centre of 
the field of view, and produces the appearance of a state of 
resi in the starry regions, which motion can be made solar, or 
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even lunar, by a little change given to the place o^ a painter 
that is placed as an index on the dial plate.' Professor Struve 
considers the optical powers of this telescope superior to those 
of Schr6eter*s twenty-five-feet reflector, from having observed 
Ononis with fifteen companions, though Schroeter observed 
only twelve that he could count with certainty. Nay, he 
seems disposed to place it in competition with the late Sir W. 
Herschel's forty-feet reflector. The finder of this telescope 
has a focal ^stance of 30 French inches, and 2-42 aperture. 

2, Sir Jame9 Souih^s Telescope. — ^About the year 1829, 
Sir J. South, President of the London Astronomical Society, 
procured of M. Cauchoix, of Paris, an achromatic object-glass 
of 11 2-10 inches clear aperture, and of 19 feet focal length. 
The flint glass employed in its constructicm was the manu- 
facture of the late Guinaud le Pfere, and was found to be 
absolutely perfect. The first observation was made with this 
telescope while on a temporary stand, on Febniary 13, 1830, 
when Sir J. Herschel discovered with it a sixth star in the 
trapezium in the nebula of Orion, whose brightness was about 
one-third of that of the fifth star discovered bv Struve, which 
is as distinctly seen as the companion to Polaris is in a five- 
feet achromatic. Sir James gives the following notices of the 
performance of this instrument on the morning of May 14, 
1830. " At half-past two placed the 20 feet achromatic on 
the Gteorgium Sidus, saw it with a power of 346, a beautiful 
planetary disc ; not the slightest suspicion of any ring, either' 
perpendicular or horizontal ; but the planet three hours east 
of the meridian, and the moon within three degrees of the 
planet. At a Quarter before three, viewed Jupiter with 252 
and 346, literally covered with belts, and the diameters of his 
satellites might have been as easily measured as himself. 
One came from behind the body, and the contrast of the colour 
with that of the planet's limb was striking. At three o'clock, 
viewed Man, The cohtrast of light in the vicinity of the 
poles very decided. Several spots on his body well and 
strongly marked ; that about the south pole seems to overtake 
thehody of the planet, and gives an appearance not unhke 
that afforded by the new m6on, figtmiliarly known as * the old . 
inoon in the new moon's arms.' '* Saturn has been repeat- 
edly seen with powers from 130 to 928, under circumstances 
the most favourable ; but not any thing anomalous about ^he 
planet or its ring could even be suspected. This telescope is 
erected on an equatorial stand, at Sir J. South's observatory, 
Kensington. 

3- C^tain Smyth's Telescope in his private observatory 
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ai Bedjbrd, — ^This achromatic telescope is 8i feet focal 
length, with a clear aperture of 6 9-10 inches, wwked by the 
late Mr. Tulley, senior, from a disc purchased hy Sir James 
South at Paris. It is considered by Captain Sm3rth to be the 
finest specimen of that eminent optician's skill, and, it is said, 
will bear with distinctness a magiiifying power of 1200. Its 
distinctness has been proved by the clew yision it gives of the 
obscure nebulsB, and of the companions of Pokris, Rigel, 
a Ly rce, and the most minute double stars— the lun^ mountams, 
cavities, and shadows under all powers — the lucid polar re- 
gions of Mars-^he sharpness of the double ring of Saturn*— 
the gibbous aspect of Venus — the shadows of Jupiter's satel- 
lites across his body, and the splendid contrast of colours in 
a Hercules, y AndromedsB, and other superb double stars. 

Other large ^chromatics, — ^Besides the above, the follow- 
ing, belonging to public observatories and private individuals, 
may be mentioned. In the Royal Observatory at Greenwich 
there is an achrconatic of 10 feet focal distance, having a 
double object-glass 5 inches diameter, which was made by 
Mr. Peter DoUond, and tue only one of that size he ever con- 
structed. Theie is also a 46rinch achromatic, with a triple 
object-glass 3t inches aperture, which is said to be the most 
perfect instrument of the kind ever produced. It was the 
favourite instrument of Dr. Maskelyne, late astronomer royal, 
who had a small room fitted up in the observatory for this 
telescope. The observatory some years ago erected near 
Cambridge is, perhaps, the most splendid structure of the 
kind in Great Britain. It is furnished with several very 
large achromatic telescopes on equatorial machinery ; but the 
achromatic telesqope lately presented to it by the Duke of 
Northumberland is undoubtedly the largest instrument of this 
description which is to be found in this country. The 
object-glass is said to be 25 feet focal distance, and of a cor- 
responding diameter ; but as there was no access to this in- 
strument at the *time I visited this observatory, nearly six 
^'^ears ago, I am unable to give a particular description of it. 
n the Royal Observatory at Paris, which I visited in 1837, 
I noticed among other instruments, two very large achromatic 
telescopes, which, measuring them rudely by the eye, I esti- 
mated to be from 16 to 18 feet long, and the aperture at 
the object end from 12 to 16 inches diameter. They were 
the largest achromatics I had previously seen;* but I could 

* An achromatic telescope is said to be in possession of Mr. Cooper, 
M. P. for Sligo, which is 26 feet long, and the diameter of the object-glaM 
14 inches. 
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find no person in the observatory at that time who could give 
me any information as to their history, or to their exact dimen- 
sioBs or powers of magnifying. 

The Rev. Dr. Pearson, Treasurer to the Astronomical 
Society of London, is in possession of the telescope formerly . 
alluded to, made by Mr. Tulley, of twelve feet focal distance 
and seven inches aperture, which is said to be a very fine 
one. The smaU star which accompanies the pole star, with 
a power of 100, appears through this telescope as distinct 
and steady as one of Jupiter's satelUtes. With a single lens 
of 6 inches focus, which produced a power of 24 times, ac- 
cording to the testimony of an observer who noticed it, the 
small star appeared as it does in an. achromatic of 3 inches 
aperture, which shows the great efiect of illuminatmg power 
in such, instruments. Mr. Lawson, a diligent astronomical 
observer in Hereford, possesses a most beautiful achromatic 
telescope of about 7 inches aperture and 12 feet focal dis- 
tance, which was made by one of the Dollonds, who con- 
sidered it as his chd^ (Toeuvre. It is said to bear powers as 
high as 1100 or 1400, and has been fitted up with mecha- 
nism, devised by Mr. Lawson himself, so as- to be perfectly 
easy and manageable to the observer, and which displays 
Uiis gentleman's inventive talent. In several of his observa- 
tions with this instrument, he is said to have had a view of 
some of the more minute subdivisions of the ring of Saturn. 
A very excellent achromatic telescope was fitted up some 
years ago by my worthy friend WiUiam Bridges, Esq., Black- 
heaths Ita object-glass is 5i inches diameter, and about 5i 
feet local length. It is erected upon equatorial machinery, 
and placed in a circular observatory which moves round with 
a slight touch of the hand. The object-glass of this instru- 
ment cost about 200 guineas ; the equfitorial machinery on 
which it is mounted cost 150 guineas ; and the circular ob- 
servatory in which it is placed about 100 guineas ; in all 450 
guineas. Its powers vary from 50 to' BOO tiines.* 

•Chromatic Telescopes of a moderate size. 

Such telescopes as I have alluded to above are among the 
largest which havO yet been made on the achromatic princi- 
ple ; they are, of course, comparatively rare, and can be af- 

* This telescope, which was made by Dollond. with a power of 240 
"imes, gives a beautiful view of the belts of Jupiter and the double riop 
of Saturn, and with the power of 50 the stars in the milky wa)r and some 
of the nebulas appear very numerous and brilliant. Its owner is a gentle 
man who upites science with Chnstianity. 

16* 
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forded only at a very high price. Few of the obiect-glaMses 
in the telescopes to which 1 have referred would he rained 
at less than 200 guineas, independently of the tubes, eye- 
pieces, and other apparatus with which they are fitted np. 
It is so difficult to procure large discs of flint glass for optical 
purposes, to produce the requisite curves of the different 
tenses, and to combine them together with that extreme ac- 
curacy which is requisite, that, when a good compound lens 
of this description is found perfectly achromatic, the optician 
must necessarily set a high value upon it, since it may happen 
that he may have finished half a dozen before he hais got one 
that is nearly perfect. The mcnre common sizes of achromatic 
telescopes fw astronomical purposes, which are regularly sold 
by the London opticians, are the following : 

1. 7%e 2| Jtet Achromatic, — This tefescope has an ob- 
ject-glass 80 mches in focal length, and 2 inches clear aper- 
ture. It is generally furnished with two eyepieces, one for 
terrestrial objects, magnifying about 30 or 35 times, and one 
for celestial objects, with a power of 70 or 76 times; It might 
be furnished with an additional astronomical eyepiece, if the 
object-glass be a good one, so as to produce a power of 90 or 
96 times. With such a telescope, the belts and satellites <rf 
Jupiter, the phases of Venus, and the ring of Saturn may be 
perceived, but not to so much advantage as with larger tele- 
scopes. It is generally fitted up either with a mahogany or 
a brass tube, and is placed upon a tripod brass stand, with a 
universal joint which produces a horizontal and vertical mo- 
tion. It is packed, along with the eyepieces and whatever 
else belongs to it, in a neat mahogany box. Its price varies 
according as it is furnished with an elevating rack or other 
apparatus. 

The following are the prices of this instrument, as marked 
in the catalogue of -Mr. TuUey, Terrett's Court, Islington, 
London 

£ i, d. 

21 feet telescopes, brass mounted on plain pillar and claw 
stand, with 1 eyepiece for astronomical purposes and 1 for land 
objects, to yary tne magnifying power, packed in a mahogany 
box 10 10 

Ditto, ditto, brass mounted on pillar and claw stand, with 
elevatinjB^ rack, 1 eyepiece for astronomical purposes and 1 for 
land objects, to Vary the magnifying power, packed in a ma- 
hogany box 12 12 

The following prices of the same kind of telescope are from 
the catalogue of Messrs. W. and S. Jones, 30 Ijower Hol- 
bom, London. 
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je 9. d. 
The improved 2i feet achromatic reactor, on a brass stand, 
mahoffany tube, with three eyepieces, two magnifying about 
40 and 50 times for terrestrial objects, and the other about 75 

times for astronomical purposes, m a mahogany case 10 10 

Ditto, ditto, the tube all brass, with three eyepieces 11 110 

Ditto, ditto, with vertical and horizontal rack- work motions • 15 15 ii 

2, 77ke 8i feet *^chromatie Telescope. — ^The object-glass 
of this telescope is from 44 to 46 inches focal length, and 2| 
inches diameter. It is generally furnished with four eye- 
pieces, two for terrestrial and two for celestial objects. The 
K)west power for land objects is generally about 45, which 
afibrds a large field of view, and exhibits the objects with 
great brilliance. The other terrestrial power is usually from 
65 to 70. The astronomical powers are about 80 and 130 ; 
but such a telescope should always have another eyepiece, 
to produce a power of 180 or 200 times, which it will bear 
with distinctness, in a serene state of the atmosphere, if the 
object-glass be truly achromatic. The illuminating power 
in this telescope is nearly double that of the 2i feet telescope, 
or in the proportion of- 7.56 to 4, and therefore it will bear 
about double the magnifying power with nearly equal dis- 
tinctness. This telescope is fitted up in a manner somewhat 
similar to the former, with a tripod stand, which is placed 
upon a table. Sometimes, however, it is mounted on a long 
mahogany stand, which rests upon the fioor, (as in fig. 58,) 
and is fitted with an equatorial motion ; and has generally a 
small telescope fixed near the eye end of the Strge tube, 
called a finder, which serves to direct the telescope to a par- 
ticular object in the heavens when the higher powers are 
applied. It is likewise eligible that it should have an ele- 
vating rack and sliding tubes, for supporting the eye end of 
the instrument, to keep it steady during astronomical observa-* 
tions, and it would be an advantage, for various purposes 
which shall be afterwards described, to have fitted to it a 
diagonal eyepiece magnifying 40 times or upward. 

The prices of this mstrument, as marked in Mr, Tulley's 
catalogue, are as follows : 

£ $. d. 

The 31 feet achromatic telescope, 21 inches aperture, on plain 
pillar and claw stand, 2 eyepieces for astronomical purposes and 
1 for land objects, to vary the magnifying power, packed in a 
midioganTbox 21 

Citto, ditto, with elevating rack and achromatic finder, 2 eye- 
pieces for astronomical purposes and 1 for day objects, to vary 
the magnifying power, packed in a mahogany box 26 50 

The following are the prices as marked in Messrs. W. and 
S. Jones's catalogue : 
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£ s, d, 

Th« 3^ feet achromatic, pbdn mahogany tube 18 18 

Ditto, ditto, brass tube 21 

Ditto, all in brass, with rack- work motions, &,c 26 5 

Ditto, the object-glass of the largest aperture, and the rack 

motbns on an improved principle ^fram £Z1 16«. to 42 

Ditto, fitted up with eauatorial motion, framed mahog^y 
•tand, divided altitude ana azimuth arches, or declination and 

right ascension circles, &.C., &.c -from £60 to 80 

This is the telescope which I would particularly recom- 
mend to astronomical amateurs, whose pecuniary resources 
do not permit them to purchase more expensive instruments. 
When fitted up with the eyepieces and powers already men- 
tioned, and with a finder and elevating rack — ^pnce 25 
giineas— -it will serve all the purposes of general ohservation. 
y this telescope satisfactory views may be obtained of most 
of the interesting phenomena of the heavens— «uch as the 
spots on the sun — the mountains, vales, and caverns on the 
lunar surface — the phases of Mercury and Venus — the spots 
on Mars— the sateUites and belts of Jupiter — the ring of Sa- 
turn — ^many of the more interesting neoulae, and most of the 
double stars of the second and third classes. When the 
object-glass of this telescope is accurately figured and per- 
fectly achromatic, a power of from 200 to S^ may be put 
upon it, by which the division of Saturn's ring might occa- 
sionally be perceived. It is more easily managed, and repre- 
sents objects considerably brighter than reflecting telescopes 
of the same price and magnifying power, and it is not so apt 
to be deranged as reflectors generally are. A telescope of a 
less size would not, in general, be found satisfactory for view- 
ing the objects I have now specified, and for general astrono- 
mical purposes. It may not be improper, for the information 
of some readers, to explain what is meant in Mr.. Tulley*s 
catalogue, when it is stated that this installment '♦ has one eye- 
piece for day objects, to vary the mamifying power, ^* The 
eyepiece alluded to is so constructed, that by drawing out a 
tube next the eye you may increase the power at pleasure, 
and make it to vary say from 40 to 80 or 100 times ; so that 
such a construction of the terrestrial eyepiece (to be afterward 
explained) serves, in a great measuie, the purpose of separate 
eyepieces* The whole length of the 3i feet telescope, when 
the ierrestrial eyepiece is appiitnl, is about 4i feet frcon the 
object-glass to the first eyeglass. 

When the aperture of the obiect-glass ot tnis telescope ex- 
ceeds 2| inches, its price rapidly advances. 

The following is Mr. TuUey's scale of prices, proportionate 
to the increase of >apetture : 
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' 3^ feet tele8C(n>e8, 3} inches aperture, with vertical and hori- 
lOBtal rack-work motions, ilchromatic finder, 3 eyepieces for 
tftroDomical (Hirpoees and one for day objects, to vary the mag- 

nifnng power,* packed in a mahogany box 42 00 

Ditto, ditto, 3f inches diameter, monnted as above ........ 68 50 

Ditto, with wiversal equatorial instead of pillar and claw 
ftvid W 00 

Here, in the oqc case, the increase of half an inch in the 
diameter of the object glass adds about jS16 to the expense, 
and in the other case, no less than £26, 5s. The proportion 
of light in those two telescopes, compared with that of 2| in- 
ches aperture, is as follows : The square of the 2| object-glass 
18 7.56; that of 3^, 10.56; and that of the 3|, 14.06 ; so that 
the light admitted by the 3^ compared with the 2| aperture 
is nearly as 10 to 7 ; and the liffht admitted by the 3| object- 
glass is nearly double that of the 2| aperture, and will bear 
nearly a proportional increase of magnifying power. 

8. T%e 6 feet Achromatic Tele&cope, — ^The focal length 
of the object-glass of this telescope is 5 feet 3 inches, and the 
diameter of its aperture 3y^^ inches. The usual magnify- 
ing powers applied to it are, for land objects Q5 times, and 
for celestial objects 110, 190, 250, and aometimes one or two 
higher powers. The quantity of light it possesses is not much 
higer than that of the 3s feet telescope, with 3| inches aper- 
ture ; but the larger focal length of this telescope is considered 
to be an advantage, since the longer the focus of the oWect- 
glass, the less wiU be its chromatic and spherical aberrations* 
and the larger may be the eyeglasses, and the flatter the field 
c^view. 

The following are the prices of these telf scopes, as marked 
in Mr. TuUey's catalogue : 

£. $. d, 

5 feet telescopes, 3f inches aperture, on a universal «<)aatorial 
Stand, with achromatic finder, 4 eyepieces for astronomical pur- 
poses and 1 for day objects, to vary the magnifying power, 
|>acked in a muiogany box 100 guineas to 157 10 

7 feet ditto, 5 inches a]>erture, on a newly improved universal 
equatorial stand, 6 eyepieces for astronomical purposes and 1 
ior day objects, to vary the magnifying power^ with achromatic 
finder and Troughton's micrometer 207 5 

The above are all the kinds of achromatic telescopes g^n^ 
rally made by the London opticians. Those of the lar^r 
kind, as 5 ai[id 7 feet telescopes, and the Sjt feet with 3| in* 
ches aperture, are generally niade to order, and are Qot always, 
to be procured. But the 2i and 3^ feet achromatics of 21 
inches aperture are generally to be found ready made at most 
of the optician's shops in the metropolia. The prices of these 
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iiifllmmeiits are nearly the same in most of tiie optician's slu^ 
in London. Some of them demand a higher price, but few 
oi them are erer sold lower than what has heen stated abore, 
unless in certain cases where a discount is allowed. 

The stands for these telescopes, and the manner in which 
they are fitted up for obsenration, is represented in figures 
KTf 68, and 69. Fig. 67 represents either the 2^ or the 3i 

FigunfST. 




£eet telescopes, mounted on a plain brass stand, to be placed 
on a table. A is the long eyepiece for land objects, and B 
the small eyepiece for astronomical observation, which is com- 
posed of two lenses, and represents the object in an inverted 
position. These eyepieces are screwed on, as occasion re- 

Suires, at E, the eye end of the telescope. The shprter of 
le two astronomical eye-tubes which accompany this tele- 
scope produces the highest magnifying power. For adjust- 
ing the telescope to distinct vision, there is a brass knob or 
button at a^ which moves a piece of rack-work connected with 
-tb6 eye-tube, which must be turned either one way ot the 
other till the object appears distinctly, and diflerent eyes fre- 
quently require a different adjustment. 

Fig. 68 represents a 6 feet telescope fitted up for astrono* 
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mkal observations. It is mounted on^a mahogany stand, the 
three legs of which are made to close up together by means 
of the brass frame aa Oi ivhich is composed of three bars. 



FigunSS. 




connected with three joints in the centre, and three other joints, 
connected with the three mahogany bars. It is furnished 
with an apparatus for equatorial notions. The brass pin is 
made to move round in the brass socket b, and may be tight- 
ened by means of the finger-screw d, when the telescope is 
directed nearly to the object intended to be. viewed. This 
socket may be set perpendicular to the horizon, or to any other 
required angle ; and the quantity of the angle is ascertained 
by the divided arc, and the instrument made fast in that posi- 
tion by the screw e. If this socket be set to the latitude of 
the place of observation, and the plane of this arc be turned 
so as to be in the plane of the meridian, the socket b being 
fixed to the inclination of the pole of the earth, the telescope, 
when turned in this socket, will have an equatorial motion, 
so that celestial objects may be always kept in view when 
this equatorial motion is performed. The two handles at k 
are connected with rack-work, intended to move the telescope 
in any required direction. The two sets of brass sliding ^wis. 
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1 1» are intended to render ^e tde8cq;>e as eteady as posftSbfo 
and to elevate and depress it at pleesuie, and are so C6»- 
structed as to ^lide into each bther with the utmost ease^ 

' The finder is placed at A E, either on the top or the left 
side of the tube o£ the telescope. When high magnifying 
powers are applied to any telescope, it is scHnetimes difficulty 
on account of the smallness of the field of yiew» to direct ihe 
main tube of the telescope to the object. But the finder, 
which is a telescope with a small power, and consequently 
has a large field of yiew, when directed to any object, it is 
-easily found, and being brought to the centre of the field, 
where two cros^-hairs intersect each other, it wUl then be seen 
in the larger telescope. B is the eye-tube for terrestrial ob- 
jects, containing 4 glasses, and C one of the astronomical eye- 
pieces. A socket is represented at g, containing a stained 
glass, which is screwed to any of the eyepeces, to protect 

Figur$S9, 
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the eyB from the glare of Ught, when viewing the spots of thtf 
son. The brass nut above / is intended fot the adjustment 
of the eyepiece to di^inct vision. The 3i feet telescope is 
sometimes mounted in this form. 

Fig. 69 represents a 5 (»r 6 feet telescope, mounted on a 
stend of a opw constructicni by Doilond. ^ possesses the ad- 
vantage of supporting the telescope in two pkces» which ren^* 
ders it extremely ste^y, a property of great importance when 
viewing celestial objects with high magnifying powers. It 
possesses, likewise, the advantage of enabling the observer 
to continue seated ^t the same height from the floor, although 
the telescope be raised to any altitude, the elevation being en- 
tirely at the object end, althou^ it may be changed from the 
horizon to the zenith. The frameworic is composed pf bars 
of mahogany, and rests dn three castors, two of whifch are 
made fieist to their respective legs in the usual way, and the 
third stands under the middle of the lower horizon^ bar that 
connects the two opposite legs, so that the frame has all the 
advantages of a tripod. As it becomes very inconvenient to 
stoop to the eye end of a telescope when the altitude ^ an (^ 
jeet is conafideraUe, and the centre of motion at the middle of 
the tube, this construction of a stand serves to remedy such 
inccmvenience. 

Proportions of Curvature of the Lentes which form an 
Achromatic Objectrglass. 

As some ingenious mechanics may feel a desire to attempt 
the construction of a compound achromatic object-glass, I 
shall here state some of the proporticms of curvature (^ the 
concave and convex lenses wnieh serve to guide opticians in 
their constructicm of achromatic instruments. These propor- 
tions are various ; and even, when demonstrated to be mathe- 
matically correct, it is sometimes difficult to reduc^e them to 
practice, on account of the different ixm^ers of refraction and 
dispersion possessed by diflerent discs of crown and flint 
glass, and of the difficulty of producing by mechanical means 
the exact curves which theory requires. The following table 
shows the radii of curvature of the different surfaces (^ the 
lenses necesssiry to form a double achromatic object'glasMj it 
being supposed that the sine of refraction in the crown ^lass 
is as 1*528 to 1, and in the flint as 1*5735 to 1, the ratio of 
their dispersive powers being as 1 to 1*624. It is also as- 
sumed that the curvatures of the concave lens i^re as 1 ^ 2, 
that is, that the one side of this lens is ground on a tool, the 

Vol. IX. 17 
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nditu of wliich 18 dofuUe tliti of tke other. The lit aoliisli 
eocpresses the cooipoand focus of the ohject^lads in inches ^ 
die 2d cdomxi states th0 radiiii of the anterior sttr&oe <ii the 
crounit and column 3d its p&Herior side. Colncm 41k ex- 
preeses the xadius of the anterior surface oi the eatumve Icfeis, 
aDd cdumn 6th its posterior surftce, wkich» k.will be e^ 
•erredy is exactly doQole t^ of the other : 
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4 .658 


4 .171 


8 .342 


24 
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9 .304 


8 .342 


16 .684 


30 


7 .5 


11 .63 


10 .428 


20 .856 


86 


9 


13 .956 


I« .513 


85 .087 


48 


n 


18 .608 


16 .684 


33 ^9 


60 


15 


23 .260 


2d .856 


41 .712 


120 


30 


46 .520 


41 .718 


83 .424 



FiOHL the sibore table k will be seen, that to coiistrttcl, fdr 
eatmple, a M inch eoMpoand d)|ect*g]iis8, the radius c£ the 
anceriar siide of the crown most be 71 inches, and that eC the 
postafiof sidcr 11*08 iaches ; the nulius of the anterior sivfkoe 
of ^e ooncare 10*498, and that a[ the posterior 20*S6a inches, 
it may he proper to obserre, that in these compvtatiooii, tlM 
. radius of the anterior sur&ce of the concave is less than ^ 
posterior side of the convex, and consequently admits of its 
Approach, without touching in the centre — a circumstance 
which always requires to be guarded against in the combina- 
tion of admamitic dasses* 

The fbUowing tiuile shows the radii of ear?at«ie e£ tks 
khses by a triple object-glass, calculate horn Ibimuki d^ 
dueed by Dr^ Robinson, oi Eklinburgh : 
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25 .50 


85 .50. 


a *56 


. 30 


22 .71 


15 .16 


15 


♦16 


31 .79 


31 .79 
38 .17 
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.33 


50 .98 


60 .98 


5 .18 


54 


40 .96 


27 .36 
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The Mowing table txftitidm the proportions of c^tttunsm 
moA to be employed by the London cfttlcians s 
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From thiff ifibh it a^^^aia tbat.tfae two eoiMrenc knaes hnwp 
A# B9me mdii oC tbeir respectiye sides* and thai tka coneaTe 
iint bna has its two sur&ces equally eoncaye, so thata tripia 
flbjeot-g^bss formed according to these proprartioos wo^ld w- 

C're mlj three pair of grinding tools. The following ara 
oufyes ai the lenses oi one of the heat of Ddbnd's achn»- 
jnalio tdescopes, the focal length of the compound ohfttob- 
f^asa \mng 40 inches* Beckoning from the surface next tha 
object, the radii of the crown g^ass weva 96 and 40 inoheai 
the eoncare lens 20*9 inches, and the inner crown glass lens 
28*4 and 28*4 inches. This telescope carried magnifying 
poweis of from 100 to 200 times* 

Akhough I hay« inserted the ahove tables, which mjglitt 
in some measure, guide an ingenious artist, yet, on the wholfi^ 
a priyate amateur has little chani^ in succeeding in fdich at^ 
tempts. The diyeisity of ffUsseSf and the uncerta^lty of an 
unpractised wcn^onan's producing the precise coryaiure ha 
intends, is so great, that the object«glass, for the moat paart, 
turns out difierent from his expectations. The g^eat difficuky 
in the ccNastruction is to find the exact proportion of the dia* 
persiye powera of the crown and iint glass. The ^^rown ia 
pretty constant, but there 9xe hardly two pots of flint glaM 
whicn haye the same dispersiya pow^. Eym if conati^, 
it is di^cult to measure it accurately; and an error in tbi| 
greatly affects ^the instrument, because the ibpal digtaRoea ^ 
^e lenses must be nearly as their ^persiye powers. In tha 
two preceding tables, the sine of iacidenca in tte Grown gjaaf 
is supposed to be to the sine of refraction as V&20 to 1 ; mi 
in the flint glass, as 1*604 to 1. Opticians who mak^ great 
numbers of lenses, both of flint and crown glass, acquire, ^ 
time, a pretty good guess of the nature of the errors whieh 
may remain mei they haye finished an object-gbas ; and 
haying many lenses intended to be of the san^a fomu hul 
unaypidably difiexing a little frc^ it, they try sav^ial of itm 
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oODcaTes with the two conrexes, and finding one better tlian 
the rest, they make use of it to complete the set. In this 
way some ot t|ie best achnnnatic telescopes are frequently 
formed. I have sometimes found, when supplying a concave 
flint glass to a telescope where it happened to be wanting, 
that, of four or five concare lenses which appeared to be the 
same as to curvature and other properties, (mj cfne was foimd 
to produce a distinct and colourless imag^^. Should any one, 
however, wish to attempt the construction of an achromatic 
lens, the best way for preventing disappointments in the re- 
sult is to procure a variety of tables of the respective curva- 
tures founded on diff^ent cOnditwM^ and which, of course, 
require the sur&ces of the several lenses to be of different 
curves. Having lenses of different radii at his crnnmand, and 
having g^ass of difierent refractive or dispersive powers, when 
one combination does not exactly suit, he may try another, 
and ultimately may succeed in constructing a good achrcnnatic 
telescope ; for, in many cases, it Iteis been focmd that chance, 
er a happy combination of lenses by trial, has led to the for- 
mation <H an excellent object-glass. 

Jichromaiic Telescopes composed of fluid Lenses. 

The best achromatic telescopes, when minutely examined, 
are ifound to be in some respects defective; on account of that 
sHght degree of colour which, by the aberration of the ray^, 
they give to objects, unless the object-glass be of small di- 
ameter. Whea we examine with attention a good achromatic 
telescope, we find that it does not show white or luminous 
objects perfectly free from colour, their edges being tinged on 
one side with a claret-coloured fringe, and on the other with 
a green fringe. This telescope, therefore, required farther 
improvement, to get rid of these secondary colours, and Father 
Boscovieh, to whom every branch of optics is much indebted, 
displayed much ingenuity in his attempts to attain this ob- 
iect. But it is to Dr. Blair, professor of astronomy in Edin- 
burgh, that we are chiefly indebted for the first successful 
experiments by which this end was accomplished. By a 
judicious set of experiments, he proved that the quality of 
dispersing the rays in a greater degree than crown gljugs is 
not ccmfined to a few mediums, but is possessed by a great 
varfety of fluids, and by some (rf" these in a most extraordinary . 
deme. Having observed that when the extreme red and 
violet rays were perfectly united, the green were lefl out, he 
C(»iceived the idea of making an achrcwnatic concave lens 
whicH «>»niild reiract the trrp^n less than the united red and 
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violet, and an achromatic cfmvex Ws which should do the 
same; and as thp concave lens refracted the outstanding 
ffieen to the axis, while the concave one refracted them from 
me axis, it &Uowed that, by a combination of these two op 
posite efiects^^he green wo^ld be united with the ^pi mi 
violet. 

By means of an ingenious prismatic apparatus, he ex- 
amined the optical properties of a great variety of fl^ds. 
tk^^ scdutions of metals and semi-metals proved in all cases 
moie dispersive &an crown g^ass.. Some of the salts, sucji 
as sal sunmoniac, greatly increased the dispeisive power of 
water. The marine acid disperses Y^iy considerably, ax4 
this quality increases with its strength. The most dispersiv^e 
fluids virere accordingly found to be those in which tms acid 
and the metals were combined. The chemical preparation 
called cctmticum antimoniaU^ or butter of antimony, i|i its 
9iost. concentrated state, wLsn it ha^ just attracted sufficient 
humidi^ to render it fkiii, possesses the quality o^ dispers- 
ing the ra^s in an astonishing degree, 'the great quantity 
of ttie aemi-metal retained in soluti^, and the £gh]y concen- 
trated state of the marine acid, are considered aa the cau^ 
* ^if this flEtriking effect. Ccmosiye sublimate of merc^ry^ added 
to a solution of so/ amM9»iaci4m in water, po0ses«^ the ne^ 
place to the butter of antimony amcmg the dispersive fluids 
which Dr. Blair examined. The essential oils were Ibun4 
to hold the next rank to metallic solutions among fluids which 
nossess the dispersive quality, particularly those obtained 
hom bituminous minerals, as native petrcdea, pit cof4, and 
amber. The dispersive power of tbe essen- 
tial oil of sassafras, and the essential oil of 
lemo^, when genume, were £Dund to be nipt 
much inledor to ^ny of these« But /of ajl 
the fluids fltted fyt optical purposeai. Dr. 
Blair found that the muriatic add mixed 
with a metmllie #o4<^Mn, or, in other words, 
a fluid in which the marine acid and metal- 
line particles hdld a dOe propor^on, most 
accurately suited his purpose. In a spec- 
trum formed 1^ this iuid; the green were 
amp]:\g the most refrangible rays ; and when 
its dispersion was conned by that of g^u»5, 
there was produced an inverted secondary 
spectrum, that is, one in which the green 
was above, when it would have been be- 
low with a common medium. He fterefore 
17* 
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placed a concave lens of muriatic acid with a metallic sohi- 
tion between the two lenses, as in fig. 60, where A B is the 
concare fluid lens, C F a plano-convex lens, with its plane 
side next the object, and E D a meniscus. With this object- 
glass the rays of difierent colours were bent firom their recti- 
uneal course with the same equality and regularity as in 
reflection. 

Telescopes constructed with such object-glasses were ex- 
amined by the late Dr. Rolnson and Professor Pkvisdr. The 
focal distance of the object-glass of one of these did not exceed 
17 inches, and yet it bore an aperture of 8J inches. They 
viewed s<nne single and double stars and srnne common 
objects with this telescope, and found that, in magnifying 
power, brightness, and distinctness, it was manifestly supe- 
rior to one of Mr. Ddlond's of 42 inches focal length. They 
had most distinct vision of a star, when ttnng an erecting 
eyepiece^ which made this telescope ma^ify more than 100 
tmies, and they found the field of vision as uniformly distinct 
as witib DoQcmd's 4$^^eh telescope, magnifying 46 ti^nes, 
and were led to admire the nice figuring and centring of the 
very deep eyeglasses which were necessary for this amplifi-. 
caticm. lliey saw double stars with a degree of perfection 
which astonished them. These telescopes, however, have 
i»ever yet come into ffeneral^ use ; and one reascm, periiaps, 
is, that they are much more apt to be deranged thail tele- 
Bcopes C(mstrncted of object-glasses which are solid. If any 
species of glass, or other solid transparent. substance could be 
found with the same optical properties, instruments might 
perhaps be i^nstructed of a larger size, and considerably 
superior to our best achromatic telescopes.* It is said that 
Mr. Blair, the son of Dr. Blair, some years ago engaged in 
prosecuting his Other's views, but I have not heard any thing 
respecting the result of his investigations. 

Bariow*$ Stfraciing Telescope with a fluid concave Lens. 

Professor Barlow, not many years ago, suggested a new 
- fluid telescope, which is deserving of attention, and about the 
. yeiu: 1820 constructed one of pretty large dimensions. The 
fluid he employs for this purpose is the sulphuret of carbon^ 
which he found to be a substance which possessed every 

* Fdr a more particular account of Dr. Blair's instruments and experi- 
ments, tlie reader is referred to his Dissertation on this subject in vol. ii. 
of th» " Traqsactians of the Rojral Society of Edinburgh/' which occu- 
pies 76 pageg, or to Nicholson's ** Journal of Natural PhilosophT," &^., 
quarto Mties, vol. i., April— September, 179T. 
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requisite he could desire. Its index is nearly the same as 
that of the best flint glass, with a dispersive power more than 
double. It is perfectly colourless, beautifully transparent, 
and, although y^ry expansible, possesses the same, or very 
nearly the same, optical properties under all circumstances 
to which it is likely to be exposed in astronomical observa- 
tions, except, perhaps, direct observations on the solar disc, 
which will probably be found inadmissible. Mr. Barlow first 
constructed an object-glass with this fluid of 3 inches aper- 
toie, with which he could see the small star in Polaris with 
a power of 46, and with the higher powers several stars 
which are ccmsidered to require a good telescope, for exam- 
ple, 70, p Ophinchi, 89 Bootis, the quadruple star t Lyrse, 
f Aquarii, a Herculis, &c. He next constructed a 6-inch 
object-g^ass. With this instrument, the small 
Figure 91, gtar in Polaris is so distinct and brilliant, with a 
power <^ 148, that its transit might be taken 
with the utmost certainty. As the mode of 
constructing these telescopes i» somewhat novel, 
it may be expedient to enter somewhat into 
detail. 

In the usual construction of achromatic tele- 
scopes, the two or three lenses composing the 
object-glass are brought into immediate contact ; 
and in the fluid telescope of Dr. Blair, the con- 
struction was the same, the fluid having been 
enclosed in the object-glass itself. But in Mr. 
Barlow's telescope, the fluid correcting lens is 
placed at a distance from the plate lens equal to 
half its focal length ; and it might be carried 
still fkrther back, and yet possess dispersive 
power to render the object-glass achromatic. 
By this means, the fluid lens, whiuh is the 
most difficult part of the construction, is re- 
duced to one-half, or to less than one-half of the 
size of the plate lens ; consequently, to construct 
■> M ■ . Q a telescope o( 10 or 12 inches aperture involves 
I j K| no greater difficulty in the manipulation than in 
making a telescope of the usual description of 
5 or 6 inches aperture, except in the simple 
plate lens itself; and, hence, a telescope of this 
kind of 10 or 12 feet length will be equivalent 
in its focal power to one of 16 or 20 feet. By 
this means the tube may be shortened several 
feet, and yet possess a focal power more consi 
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derabk than could be coyrenieatly girea to it on tbe luraa 
principle of construction. This will be better uiulerstoo 
from tne preceding diagram (fig. 61). 

In this figure A B C D represent the tube g[ the 6-ioch 
telescope, C D the plate object-glass, F the first iocus of my^ 
d t the ^d concave lens, distant from the ic^mer 24 inches \ 
the focal length M F being 46, and, consequently, as 48 : 6 
: : 24 : 8 inches, the diameter of the fluid lens. The lesvdiu 
ing compound focus is 62*^ inches. It is obvious, therefor^ 
that the rays df^ e/, arrive at the focus under the same Cfm^ 
yergency, and with the same light as if they proceeded from 
a lens of 6 inches dianieter, plumed at a distance beyond the 
object-dass CD, (as G H,) determined by producizig those 
rays tiU they meet the sides of the tube in G H, namely, i^ 
G2*5 inchi^ beyond the fluid lens. Henoe, it is obvious, the 
rays will converse as they would do from an object^^ass, 
G H, (^ the usualldnd with a focas <>f 10 feet & inches. We 
have thus, therefore^ shortened the tube 88*6 inches, or have 
at least the advantage of a focus 38*5 inches longer than our 
tube ; and the saiQe principle may be carried much farther, 
so as to reduce the usual length of refracting telescopes nearly 
one-faalf, without increasing the aberration in the ^rst gku^ 
beyond the least that ean possibly belcmg to a telescope of 
the usual kind of the whole lengths It should likewise be 
observed, that the adjustment for focus may be made either 
in the U9ual way or by a slight movement of the fluiil lens, 
as in the Gregorian Beflectois, by means of the small spec- 
ulum. 

Mr. Barlow afterward constructed another larger telescope 
on the same principle, the dear aperture of which is 7.8 
inches. Its tube is 11 ieet, which, together with the eye- 
piece, makes the whole length 12 feet, but its efi[ective focus 
is, on th€»principle stated a&ve, 18 ieeX. It carries a power 
of 700 on the closest doable stars in South's and HerschePs 
catalogue, and the stars are, with that pow^r, round and de- 
fined, although the field is not then so bright as could be 
desired. The telescope is mounted on a revolving stand, 
which works with considerable accuracy as an azimuA and 
altitude instrument. To give steadiness to the stand, it has 
been made substantial ana heavy, its weight by estimation 
being 400 pounds, and that of the telescope 130 pounds, yet 
its motions are so smooth, and the power so arranged, that it 
may be managed by one person with, the greatest ease, the 
star being followed by a slight touch, scarce^ exceeding that 
of the keys of a piano-forte. The focal length of the plate 
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lens is 78 inches, and of the dxdd lens 59*8 inches ; which, «t 
the distance of 40 inches, produce a focal length of 104 inches, 
a total length of 12 feet, and an equivalent focus of 18 feet. 
The curves of the pamllel meniscus Checks for containing 
the fluid are 80 inches and 144 inches, the latter towards the 
eye. The curves for the plate lens are 56'4 and 144. 
There is an interior tube 5 inches diameter, and 3 feet 6 
inches long, which carries the cell in which the fluid is en- 
dosedy and an apparatus by which it may be moved back- 
ward and forward, so that the proper adjustment may be 
made for colour in the first instance, and afterward the focus 
is obtained by the usual rack-wodc motion. The following 
is the mode by which the fluid was enclosed. After the best 
position has been determined practically for the checks 
forming the fluid lens, these, with the ring between them, 
ground and polished accurately to the same curves, are ap- 
I^d together, and taken into an artificial high temperature, 
exceeding the greatest at which the telescope is e^ver ex- 
pected to be used. After remaining here with the fluid some 
tbne, the space between the glasses is completely filled, im* 
mediately dosed, cooled down by evaporation and removed 
XDtQ a lower temperature. By this means a sudden conden- 
•atioii l&kes place, an external pressure is brought on the 
diecks, and a bubble fcnrmed inside, which is, of course, filled 
with the vapour of the fluid ; the excess of the atmospheric 
pressure beyond that of the vapour being afterward always 
acting externally to prevent contact. The extreme edges 
are then sealed with the serum of human blood, or by strong 
fish-glue, and some thin, pliable metal surflBM^e. By this pro- 
cess Mr. Barlow says, **I have every reascoi to believe the 
lens becomes as durable as any lens of solid glass. At all 
events, I have the satisfoction of stating, that my first 3-ipch 
telescope has now been coniplet^ more than fifteen months, 
and that no change whatever has taken place in its perform- 
ance, nor the least perceptible alteration either in the quan 
tity or the quality of the fluid. 

The fblbwing are some of the observations which haw? 
been made with this telesc(^, and the tests to which it has 
been subjected. The very small star which acc<Hnpanies the 
pole star is generally one of the first tests applied to tele- 
scopes. Th^ small point of light appeared brilliant and dis- 
tinct ; it was best seen with a power of 120, but was visible 
vriih a power of 700. The small star in Aldebaran was very 
dtttinct with a power of 1$M). The small star ^ Lyrae, was 
distinctly visible with the same power. Th^ small star called 
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by Sir J. Henchel Z>e6iKMti»a» betwowi 4 t mi &L^mi 

whose existence, he 8ays» could not be suspected m either 
the 5 or 7 feet equatorial, and invisible also with the 7 and 
10 feet reflectors of six and nine incheft aperture, but seen 
double with the 20 feet jeflector, is seen very salds&tCorilj 
double with this telescope. ^ P^rsei, marked as doubk m 
South and Herschel's catalegue, at the dis^m^e of 88", wilb 
another small star at the distance of 8' 67", is aeea-dii^iQCtij 
sixfold, four g[ the small stars being within a conaideimUjr 
less distance than the remote ooe of f marked inihe catologna. 
And, rejecting the remote atar» the principal and the fcntr 
other stars form a miniatnre representation of Jupiter imd htf 
satellites, three oi them being nearly in a line on one nVmt 
and the other on the opposite. Caator is distin^y drcn^blf 
with 120, and well opened, and stars perfec% round with 
360 and 700. y Leonis and « Piscium are seen wkh di9 
same powers equally round and distinct, in s Bootis» thf 
small star is well separated from the burger, and its hla< 
colour well marked with a power of 360. i; Goreaffi Bmaiif 
is seen double with a power of 360 and 700. Ut Oricmia, 
£ Orionis, and others A the same class, ave abo well defiatd 
with the same powers. In regard to the planets which kapir 
pened to be visible, Venus appeared beautifully white 9mi 
well defined with a power of 120, but showed acne estsaa 
with 360. Saturn, with the 120 power, is a rer^ briUiBiit 
object, the d<»ible ring and belts being well and catisftctoiiif 
defined, and with the 860 power it is still very &at. 1^ 
moon also is remarkably beautiful, the edges and the shor 
dows being well marked, while the quantity of li^^t is audi 
as to bring to view every minute distinctioii d* figure and 
shade. 

The principal objections that may be made to this coor 
struction. of a telescope are such as these : Can the flukl hs 
perroauently secured? Will it preserve its transparency 
and other optical properties ? Will it not act upon the wo* 
face of the glass and partially destoy it ? ^. T6 such inr 
qviries Mr. Baflow replies, th«t experience is the only test 
we have; our spirit levels, spirk ihcrroometers, 4bc, show 
that some fluids, at least, may be preserved fpt many yean 
without experiencing any change, and without pi»ducmg 
any in the appearance of the glass tubes containing them- 
But should any of these happen, except the last, nothii^ can 
be more simple than to supply the means of replacing the 
fluid at any .time, and by any person, without disturbing tihs 
adjustment of the telesci^. He expresses hii h^pa ihst, 



AmU these experiftentd be proeeiciited, an achromatic tele- 
IC(^ shall ultimately be produced which shall exceed in 
t|)erture and power any instruments of the kind hitherto at- 
tin&pted. If the prejudice against the use of fluids could be 
ntnoved, he feeb convinced that well-directed practice would 
Mon Itad t6 the construction of the most perfect instruments, 
on tto principle, at a^omparatiyely small expense. ^ I am 
ednvinced)" he says, ^ judgdig frcmi what has been paid for 
kige object-glasses, that my telescope, telescope stand, and 
did bulking for olMervatimi, with every other requisite con- 
Tcttience, Irave been constructed for a less sum than would 
bi demanded for the object^lass only, if one could be pro- 
4tteed<^^e same di^neter of piate^nd flint glass; and this 
a a consideration which shcHild have some weight, and 
l&eooarage a perseverance in the principle of construction."* 

BOQBSLb's ACTHROMATIO TELBdCOPfi ON A NEW PLAN. 

The object of this construction is to render a small disc of 
flmt glass available to perform the office of compemation to a 
nmch larger one of crown glass, and thus to render possible 
&e construction of telescopes oi much larger aperture than 
me now comnton, without hinderance fr&m the difficulty at 
neseat experienced in procuring large discs of flint glass. 
a is well known to those who are acquainted with telescopes, 
|hat in the construction of an ordinary achromatic object-glass, 
ill which a aingle crown lens is compensated by a single one 
if flint, the two lenses admit of bein^ separated only by an 
ator^ too small to afford any materid advantage, in dimin^ 
Ming the diameter of the flint lens, by placing it in a nar- 
tower purt of the cone of itiys, the actual amount of their 
iiierence in point of dispersive povi^er being such as to ren-* 
fo Ae correction of the chromatic aberration impossible 
yhen their mutual distance exceeds a certain limit. This 
iliconvemence Mr. Rogers proposes to obviate by employing, 
V a correcting lens, not a single lens of dint, but a compound 
one consisting at ^ Tconvex crown and concave ffint, whose 
^i are such M to cause their combination i/o act as a plain 
SihsB on the mean refrangible rays. Then it i6 evident that 

* A ftmOe ^tAiled secotiat of the processes eoimected ^rith the eofi- 
gTUGti<m of this telescope will be found in a paper presented to the 
*oytt Sttciety in 1827, itad published in the Philosophical Transactions 
^Ittt Sodetv fyt 1838, and likewise another paper, published in the 
transaotione for 1889. From these doeaments chteflv, the preoedioff 
^OQBt has Seen abridged. Bee also the " Edinburgh New Philosophxal 
Jtmmar* for Jlin.— Apfil, 1828, and Brewster's " Edinburgh Journal of 
Science*' for October, 1829. 
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by means of the greater diapeniye power <^ flint tbaa ci 
crown glass, this will act as a concave on the violet, and as a 
convex on the red rays, and that the more powerfully ac- 
cording as the lenses separately have greater powers or cuxw 
vature. If, then, such a compound lens be interposed be* 
tween the object-glass of a teJescope---6upposed to be a single 
lens of plate or crown glacs and its focus, it will cause no 
alteration in the focus for mean rays, while it will fencfUiem 
the focus for violet, and shorten it for red rays. Now thiis is 
precisely what is wanted to produce an achromatic union d 
all the rays in the focus; and as nothing in this constnictkm 
limits the powers of the individual correcting lenses, they 
may therefore be applied anywhere that convenience may 
dictate ; and thus, theoretically speajdng, a disc of flint gkss, 
however small, may be made to correct the colour of one of 
crown, however large. 

This construction likewise possesses other and very re- 
markable advantages : for, first, when the correc^ng lens is 
approximately constructed on a calculation found^ cm its 
intended aperture, and cm the refractive and dispersive in- 
dices of its materials, the final and complete di&persion of 
colour may be efiected, not by altering the lenses by grinding 
them anew, but by shifting the combination nearer to, or far- 
ther from the object-glass, ad occasion may require, along the 
tube of a telescope, by a screw motion, till the conditicm of 
achromaticity is satisfied in the best manner possiUe ; and, 
secondly, the spherical aberration may in hke manner be 
finally corrected, by slightly separating the lenses of the cor- 
recting glass, whose surfaces should for this purpose be figured 
to curvatures previously determined by calculation, to admit 
of this mbde of correction — a cmidition which Mr. Boilers 
finds to be always possible. The following is the rule which 
he lays down for the determination of the foci of the lenses 
. of the correcting glass : ** The focal length c^ either lens is to 
that of the objectiglass in a ratio compounded of the ratio of 
the square of the aperture of the correctmg lens to tlmt a( the 
object-glass, and of the ratio bf the difiference oi the dispersive 
indices of the crown and flint glass to the dispersive indttx ci , 
crown." For example, to correct the colour of a lens of 
crown or plate g^ass of 9 inches aperture and 14 feet focal 
length (the dimensions of the telescope of Fraunhofer at Doi- 
pat) by a disc of flint glass 3 indies m diameter, the focus of 
either lens of the correcting lens will require to be about 
inches. To correct it by a 4-inch disc will require a focus 
of about 16 inches each. 
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Hfr. Rogers remarks, that it is not indispensable to make 
the correcting glass act as a plane lens. It is sufficient if it 
be so adjusted as to have a shorter focus for red tays than for 
violet. If, preserving this condition, it be made to act as a 
(xmcaye lens, the advantage procured by Mr. Barlow's con- 
stroction of reducing the length of the telescope with the 
same focal power is secured, and he considers, moreover, that 
hj a proper adaptation c^ the distances, foci, dbc, of the 
lenses, we might hope to combine with dl these advantages 
that of the destruction of the secondary spectrum, and thus 
obtain a perfect telescope. 

The above is an abstract of a paper read to the « Astrono- 
mical Society of London" in Apnl, 1888, by A. R(^ers, Esq. 
< The reader will easily perceive that the principle on which 
Mr. Rogers proposes to construct his telescope is very nearly 
similar to that of Professor Barlow, described above, with this 
difference, that the correcting lens of the professor's telescope 
is composed of a transparent fluid, while that of Mr. Rogers 
is a solid lens consisting of a convex crown and concave ffint. 
The general object intended to be accomplished by both is 
the same, namely, to make a correcting lens of a compara- 
ti?ely snmll diameter serve the purpose of a large disc of flint 
glass, which has hitherto been very expensive, and very difli- 
cuk to be procured ; and likewise to reduce the length of the 
telescope, while the advantage of a long focal power is se- 
cured. A telescope on this principle was constructed seven 
or ei^i years ago by Mr. Wilson, kcturer on Philosophy and 
Chemistry, Glas^w, before he was aware that Mr. Rogers 
had proposed a similar plan. I have had an opportunity of 
particularly inspecting Mr. Wilson's telescope, and trying its 
eflfects on terrestrial objects with high powers, and was, on 
the whole, highly pleased with its performance. It appeared 
to be almost perfectly achromatic, and produced a distinct and 
v>dl4efintd image of minute distant ol)jects, such as small 
^rs on signposts, at two, three, and four miles distant ; but 
I had no opportunity of trying its effects on double stars or 
Any other celestial objects. The instrument is above 6 feet 
long, the object-lens is a plano-convex of crown glass, 4 feet ' 
^ocal distance and 4 inches diameter, the plain side next the 
object. 

At 26 inches distant from the object-lens ^s the compnound 
lens of 2 inches in diameter ; and the two lenses of which it 
is composed are both ground to a radius of *3| inches. That 
Blade of crown glass is phmO'ConvtXj the other, made of flint 
glass, is plano-C(mcave, and are placed close together, the 

Vol. IX. 18 
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convex side behiff next to the objeet, and the eontuve Hide 
neirt the eye. The greater refra,ctive power of the flint glusa 
renders the compound one slightly cdncave in its effect, 
(although the radius of curvature is similar in both,) and 
lengthens the focus to 6 feet firom the object-glass ; and this 
is consequently the length of the instniment. The compound 
corrector so placed intercepts all those rays which go to form 
the image in the field of yiew, producing there an achronmtie 
image. The concave power of the corre^or. renders ths 
image larger than if directly produced by a convex lens of the 
same focus. The concavity of the corrector is valuable ako 
in this respect, that a very slight alteration ih its distanoe fhxn 
the object-glass changes the tocal distance mudk mote Ihan 
if it were plain, and enables us to adjust the instnupetit to 
perfect achromatism With great i»redsiott* 



CHAPTER V. 

ON BEFLECTIKa TBLBSOOPBS. 

SECT. I. — HlSTOftY OP THE INVENTION, AND A OENISRAI. DB^ 
SCRIPTION OF THE CONffTRUCTION OF THESi INSTRUMENTS. 

RsFLEcmro telescopes are those which represent the 
inmges of distant objects by reflection, chiefly (worn eoocave 
mirrors. 

Before the chromatic telescope was invented thete xreie 
two glaring imperfections in refracting telescopes, which the 
astronomere of the seventeenth century were anxious to cot* 
rect. The first was its very great length when a high power 
was to be applied, which rendered it very unwieldy and diffi* 
cult to use. The second imperfection was the ineonectnea^ 
of the image as formed >by a single lens. MathematiMnA 
had demonstrated that a pencil of rays could not be colleeted 
in a single point bv a spherical lens, and also that the image 
trtoismitted by such a lens would be in some degree incur* 
vated. After several attempts had been made to correct this 
imperfection by grinding lenses to the figiire of one of the 
conic sections, Sir L Newton happened to oomznence an ex^ 
wnitiation of the Colours formed by a prism; and haviM'^ hy 
the means of this simple instrument, discovered the dimwBl 
tAwBk^ki^ o£ the ray^ of lighl-«-4o whioh we Jurve sev«iy 
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^68 ailTefted in the pfocediag descriptioiMh— he then pwft 
(Jwved that the errors of telescopes, arising from that cause 
akfie, were some hundred times greater than such as were 
occasioned hy the spherical figure of lenses, which induced 
this illustrious philosopher to turn his attention to the im- 
preyement of telescopes hy reflection. 

It is generally supposed that Mr. James Gregory — a son of 
the Rev. John Gregory, minisler of Drumoak, in the county 
d Abeideetir*-wa8 the first who suggested the construction 
of a reflecting it^cape. He was a young man of uncommon 
gBBiQs, Btti an eminent mathen^itician ; and in the yeas 
16d3, at the age of only ^ he published in Londcm his trear 
tise entitled " Optica l^romota," in which he explained th^ 
tkectfy of that species of reflecting telescope which still bears 
his name, and which he stated as being his own invention^ 
But as Gregory, according to his own account, was endowed 
with no mechanical dexterity, and could find no workmaii 
etpaUe of re^ilizing his invention, ai^er some fruitless attempt^ 
to form proper specula, he was obliged to give up the pur* 
mit, so that this telescope remained for a considerable time 
neglected. It was several years after Gregory suggested the 
construction oi reflecting telescopes before Newton directed 
liis attention fully to the subject. In a letter directed to the 
•ecretary of the Royal Society, dated in February, 1672, he 
says, " Finding reflecticms to be regxikr, so that the angle <rf 
lenection of an sorts of rays was equal to the angle qf inci- 
dence, I understood that, by their mediation, optic instruments 
might be brought to any degree of perfection imaginable, 
providing a re&cting substance could be found which would 
pc^sh as finely as glass, and reflect as much light as fflass 
transroitSt and the art of communicating to it a parabohc 
fipre be also obtained. Amid these thoughts I was forced 
from Cambridge by the intervening plague, and it was more 
than two years before I proceeded farther." 

It was towards the end of 1668, or in the beginning of the 
Mowing year, when Newton, being obliged to have recourse 
to reflectors, and not relying on any {Artificer for making the 
specula, set about the work himself, and early in the year 
1672 completed two small reflecting telescopes. In these he 
pound the great speculum into a spherical concave, although 
ae approved of the parabolic fcarm, but found himself unable 
to accomplish it. These telescopes were of a construction 
somewhat difierent from what Gregory had suggested, and 
fliough only 6 inches bng, were considered as equal to ^ 
fl feet common refracting telescope. It is not i^ little fimga)^ 
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however, that we hear no more about the constmctioii of re- 
flectors till more than half a century afterward. It was not 
till the year 1728 that any reflectors were known to have 
been made, adapted to celestial observations. In that ye^r, 
Mr. Hadley, the inventor of the reflecting quadrant which 
goes by his name, published, in No. 876 of the Philosophical 
Transactions, an account of a large reflector on Newton's 
plan, which he had just then constructed, the perfoi^mancer 
of which left no room to doubt that this invention wouM 
remain any longer in obscurity. The large speculum of this 
mstrument was 62t inches focal distance and 5 inches dia* 
meter, was furnished with magnifying powers of from IHO te 
280 times, and equalled in performance the famous aerial 
telescope of Huygens of 123 feet in length.* Since this pe- 
riod the reflecting telescope has been in general use amcmg 
astronomers in most countries of Europe, and has received 
numerous improvements, under tbe direction of Short, Mudge, 
Edwards, and Herscbel, the last of wbom constructed reflec- 
tors of 7, 10, 20, and even 40 feet in focal length, which far 
surpassed, in brightness and mae^ifying power, all the in- 
struments of this description which had previously been ^ 
attempted. 

I sball now proceed to rive a brief sketch of the nature of 
a reflecting telescope, ana the different forms in which they 
have been proposed to be constructed. 

Fig. 62 represents the reflecting telescope as originally 
j>rop^ed bv Gregory. A B E F represents a tube open at 
A F towards the object ; at the other end is placed a concave 
speculum, B E, with a hole, C D, in its centre, the focus of 
which is at e. A little beyond this focus, towards the object 
end of the telescope, A F, is placed another small concave 
mirror, G, having its polished face turned towards the great 
speculum, and is supported by an arm, G H, fastened to a 
shder connected with the tube. At the end of the great 
tube, B E, is screwed in a small tube, C D K I, containing a 
small plano-convex lens, I K. Such are the essential parts 
of this instrument and their relative positions. It will be 
recollected in our description of the properties of concave 
mirrors, (see p. 78,) that, when rays proceed from a distant 
object, and fall upon a concave speculum, they paint an 
image or representation of the object in its focus before the 

. * A particular description of this telescope, with this machinery for 
moving it, illustrated with an eng^vini:, may be seen in Reid and 
Gray's "Abridgment of the Philosophical Transactions/' vol. vi., part 
I lor 1723, p. U7— 152. 
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specnlam. Now sappose two parallel rays, a 6, falling on 
the speculum B E, in c d; they are reflected to its focus e, 
where an inverted image of the object is formed at a little 
more than the focal distance of the small speculum from its 
wrfece, and serves, as it were, for an object on which the 
snail minor may act. By the action of this minor this first 
image is reflected to a point about/, where a 8ecoa<i image 
i> formed, very kis^e and erect Thia image is magnified in 
the proportion of /G to e G, the rays from which are trans* 
mitted to the eyeglass I K, through which the eye perceives 
the object clear and distinct, after the proper adjustmentii 
have been made. 




Suppose the focal distance of th0 great mirror was ft inches 
and the focal distance of the small mirror U inch — ^were we 
to remove the eyepiece of this telescope, and look through 
the hole of the great minor, we should see the image of the 
object depicted upon the face of the small speculum, and 
magnified in the proportion of 9 to 1 J, or 6- times, or the 
same principle as a common convex object-glass 9 inches 
focal length, with an eyeglass whose focus is li inch, mag- 
nifies 6 times. This may be regarded as the first prt of the 
magnifying power. If, now, we suppose the small sp^cuhim 
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placed a little more than li inch fran the image fonned hy 
the great speculrnn, a second image is formed about /, as 
much exceeding the first in its dimensions as it exceeds it in 
distance from the small speculum, on the principle on whit 
the object-glass of a compound microscope forms a krge 
image near the eyeglass. Suppose this distance to be 9 
times greater, then the whole maynifying power will be 
compounded of 6 multiplied by 9, or 54 times. As a tele- 
scope it magnifies 6 times, and in the microscope part 9 
times. Such is a general idea of the Qregorian telescope, 
die minute particulars and structure of which can only be 
clearly perceived by a direct inspection of the instrument 

7^ NewtomoH Reflector. — ^This instrument is scanewhat 
difilerent both in its form and in its mode of operation from 
that of Gregory. It is represented in fig, 63, where B A E F 
is the tube, and B E the object concave mirror, which reflects 
the parallel rays a 6 to sl plane speculum Q, placed 45'', or 
half a right angle to the axis of the concave speculum. This 
small plane reflector must be of an oval form ; the length of 
the. oval should be to the breadth as 7 to 5, on account of the 
obliquity of its position. It is supported <m an arm fixed to 
the side of the tube ; an eyeglass is placed in a small ^ube, 
movable in the larger tube, so as to be perpendicular to the 
axis of the large reflector, the perpendicular line passing 
through the centre of the small mirror. The small mirror is 
situated between the large ipirror and its focus, that iiis dis- 
tance from this focal point may be equal to the distance from 
the centre of the mirror to the focus of the eyeglass. When 
the rays a b from a distant object fall upon the large specu- 
lum at c dj they are reflected towards a focus at ^/ but; 
being intercepted by the plane mirror G, they are reflected 
perpendicularly to the eyeglass at I, in the side of the tube, 
and the image fonned near that position at c is viewed through 
a small plano-convex lens. The magnifying power of this 
telescope is in the proportion of the focal distance of the spe- 
culum to that of the eyeglass. Thus, if the focal distance of 
the speculum be 36 inches, and thai o( tl^e eyeglass ope-third 
<rf an inch, the magnifying power will be 108 times. It was 
this form of the reflecting telescope that Newton invented, 
which Sir W. Herschel adopted, and with which he made 
most of his observations arid discoveries. 

The Cassegrainian JRe^ector,'— This mode of the reflectmg 
telescope, suggested by M. Cassegrain^ a Frenchman, is re- 
prraented in fig. 64. It is constructed in the same way as 
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tbe Gregorian, with the exception of a small convex speculum, 
G, being substituted in the room of the small concave in Gre- 
gory's construction. As the focus of a convex mirror is 
negative, it is placed at a distance from the large speculum 
eoual to the dinerence of their foci ; that is, if the focal length 
<M the large speculum be 18 inches, and that of the small 
convex 2 inches, they are placed at 16 inches distant from 
each other, on a principle similar to that of the Galilean tele- 
sec^, in which the concave eyeglass is placed within the 
focus of the object-glass by a space equal to the focal length 
of the eyeglass. In this telesco})e, likewise, instead of two 
there is only one image formed, namely, that in the focus of 
the eyeglass ; and, on this account, some are of opinion that 
the distinctness is considerably greater than in the Gregorian. 
Mr. Ramsden was of opinion that this construction is prefer- 
able to either of the former reflectors^ because the aberrations 
of the two metab have » tendency to correct each other, 
where^ in the Gregorian, both the metals being concave, 
any error in the specula will be doubled. It is his opinion 
that the aberrations in the Cassegr^unian construction to that 
of the Gregorian is as 3 to 5. The length of this telescope 
i« shorter thah that of a Gregorian of equal focal length by 
twice the focal length of the small mirror, and it shows every 
thing in an invert^ position, and, consequently, is not ads^ted 
for viewing terrestrial objects. 

Dr, Hookas Reflector. — ^Before the reflecting telescope was 
much known, ut. Hook contrived one, the form of which is 
lepresented fig. 65, which diflers in little or nothing from the 
Gregorian, except that the eyeglass, I, is placed in the hole 
of t^ great speculum, B E. 

Marimba Reflector, — ^Mr. Benjamin Martin, a distinguished 
writer on optical and philosophical science, about a century 
ago described a new form of the reflecting telescope, approxi- 
mating to the Newtonian structure, which he contrived for 
his own use. It is represented in fig. 66. A B E F is the 
tube, in which there is an opening or aperture, O P, in the 
upper part. Against this hole, within the tube, is placed a 
huge plane speculum, G H, at half a right angle with the 
axis or sides of the tubes, with a hole, C D, perforated through 
its middle. The parallel rays a 6, falling on the inclined 
plane G H, are reflected perpendicularly and parallel on the 
great speculum B E in thus bottom of the tube. From thence 
wey are reflected, converging toa focus, e, throuffh the hole 
of the plane mimnr C D. which being also the focus d* the 
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ey^eglass I K, the eye will perceive the olject magnified aiid 
distinct. 

In the figures referred to in the ahove descriptiona, only 
one eyeglass is represented, to av^d complexity; but in 
most refitting telescopes^the eyepiece consists of a comhina^ 
tiflQ of two jHano-convex glasses, as in fig. 07, which pro* 

FigunVf. 



duces a more ccsnrect and a Jarger field oi view than a single 
lens. This combination k generaUv known by the name of 
the Huygenian JSvepiece^ which shall be deaer&ed in the 
section on the eyepieces of telescopes;. 

The fi)llowing rule has been giresa for fixiding the magnify* 
ing power of the Ghregorian telescope: Muhiply the fiscal 
distant of the great mirror by the distance of the smaU rai^ 
Tor from the im&ee next the eye, and multiply the Ibaal di^* 
tance of the small mirror by the focal distance ci the eyeglass; 
then divide the product of the former mukipiioation by the 
product of the latter, and the quotient wiU express the magni- 
fying power. The following are the dimensions of one of the 
reflecting telescopes constructed by Mr. Short, who was bng 
distinguished as the most eminent maker of such instnunrats 
on a large scale, and whose large reflectors are stiH to be 
found in various observatories throughout £ur(^ : 

llie focal distance of the great mirror, ik6 inches ; or P m, 
fig; 67, its breachh, FD« 2.3; the focal distance of the anali 
mirror, L n, 1.5, or H inch ; its breadth, g &, 0j6, or -nrtbs 
rf an inch ; the breadth of the hole in the great' mirror, U V, 
0.5, or half an inch ; the distance between the smaU mirror 
and the next eyeglass^ L R, 14.2 ; the distance between the 
two eyeglasses, S R, 2.4 ; the focal distance ^ the eyeglass 
next the metal, 3.8 ; and the focal distance of the eyeglass 
next the eye, S a, 1.1, or -^ih of an inch. The magnifying 
power of this telescope was about 60 times. Taking this 
telescope as a standard, the following table of the dimensions 
and magnifying powers of Giregorian reflecting telescopes, Si 
constructed by Mr. Shosrt, has been computed : 



HR. SHORT. 



213 






5 .65 

9 .60 

15 .50 

36 .00 

60 .00 



P F 



H 



^& 

1 .54 

2 .30 

3 .30 

6 .26 
9 .211 



1 .10 
1 .50 
9 .U 
3 .43 
5 .00, 



ii 

11 



U V 



.31 

.3d 

.50 

.65 

.85 



lit 
111 



L R 



^& 
8 .54 
14 .61 
23 .81 
41 .16 
68 .17 



ll 



h 



R 



2 .44 

3 .13 
3 .94 

5 .12 

6 .43 



^ I 

.81 

1 .04 
1 .31 

1 .71 

2 .14 



u 

n 



R S 



1 .68 

2 .09 

2 .63 

3 .41 

4 .28 



39 

60 

86 

165 

243 



13 
l| 
Sis 

III 



.41 
.52 
.66 

.85 

1 .07 



Mr. Short — ^who was bom in Edinburgh in 1710, and died 
near London, 1768 — was considered as the most accurate 
constructor of reflecting telescopes during the period which 
intervened from 1732 to 1768. In 1743 he constructed a 
reflector for Lord Thomas Spencer, of 12 feet focal length, 
for which he received 600 guineas. He made several omer 
telescopes of the same focal di^stance, with greater improve- 
ments and higher magnifiers ; and, in 1752, finished one for 
the King of Spain, for which, with its whole apparatus, he 
received j61200. This was considered the noblest instrument 
of its kind that had then been constructed, and perhaps it was 
never surpassed till Herschel constructed his twenty and 
forty feet reflectors. High as the prices of large telescopes 
now are, Mr. Short charged for his instruments at, a much 
higher rate than opticians now do, although the price of 
labour, and every other article required in the construction 
of a telescope, is now much dearer. But he had then scarcely 
any competitor, and he spared neither trouble nor expense to 
make his telescopes perfect, and put such a price upon them 
as properly repaid him. The following table contains a 
statement of the apertures, powers, and prices of Gregorian 
telescopes, as constructed by Mr. James Short :* 



* Miss Short, who has erected and who superintenda an ohservatonr 
on the Gallon Hill, Edinburgh, is the descendant of a brother of Mr. 
Short. She is in possession of a large Gregorian reflector, about 12 feet 
long, made by Mr. Short, and mounted on an equatorial axis. It was 
originally placed in a small observatory erected on the Calton Hill aboui 
the year 1776, but for many years past it has been little used. 
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1 


3 


1.1 


1 Power of 


18 times 


3 


2 


ih 


1.3 


1 " 


25 •* 


4 


3 


7 


1.9 


1 ** 


40 " 


6 


4 


9h 


2.5 


2 Powers 


40tnd60 ** 


8 


5 


12 


3.0 


2 ** 


55 and 85 ** 


10 


6 


12 


3.0 


4 " 


35, 55, 85, and 110 *' 


14 


. 7 


18 


3.8 


4 " 


55, 95, 130, and 200 " 


!» 


8 


94 


4.5 


4 " 


90, 150, 230, and 300 " 


85 


9 


96 


6.3 


4 ** 


100, 200, 300, and 400 «* 


75 


10 


48 


7.6 


4 " 


120, 260, 380, and 500 ** 


w 


11 


72 


12.2 


4 ** 


200, 400, 600, and 800 *' 


300 


13 


144 


18.0 


4 '* 


300, 600, 900, and 1200 •* 


800 



From this table, it appears that Mr. Short charged 75 
guineas for a 3 feet reflector, whereas such an instrument is 
now marked in the London opticians* catalogues at £^ when 
mounted on a common brass stand, and J^9 l&s, when ac- 
companied with rack-work motions and other apparatus. U 
is now generally understood that in the above table Shor( 
always greatly overrated the higher powers of his t^^lescopes. 
By experiment, they were generally found to magnify much 
less than here expressed. 

General Remarks on Gregorian Reflectors, — 1. In regard 
to the hole, U V, of the great speculum, its diameter should 
be equal, or nearly so, to that of the small speculum, L, ^g. 
67; for if it be less, no more paraDel rays will be reflected 
than if it were equal to g h, and it may do harm in contracfc- 
ing the visible area within too- narrow limits ; nor must it be 
larger than the mirror L, because some j)arallel rays will then 
be lost, and those of most consequence, as being nearest the 
centre. 2. The small hole at e, to which the eye is applied, 
must be nicely adjusted to the size of the cone of hiys pro* 
ceeding from the nearest lens, S. If it be larger, it will per- 
mit the foreign light of the sky or other objects to enter the 
eye, so as to prevent distinct vision ; for the eye should re- 
ceive no light but what comes from the surface of the small 
mirrcM*, L. If the hole be smaller than the cylinder ef rays - 
at c, then some of the necessary light will be excluded, and 
the object rendered more obscure. The diameter of this hole 
may be found by dividing the aperture of the telescc^c in 
inches by its magnifying power. Thus, if we divide the dia- 
meter of one of Short's telescopes, the diameter of whose 



large speeniiim wSJH, ty- 60, thfe magnifying power, the 
quotient will be .0383, which is nearly the ^^th of an inch. 
Sotiaetimes tins hole is made so small as the ^th of an inch. 
When this hole is, by any derangement, shifted from its pro- 
per pofilitiojtl, it j^ometim^s z^eqnires gteat nicety to adjust it, 
andi before it ia abcnrateiy adjusted, the telescope is unfit for 
ac^i^ie observation. 2^ It is usual to fix sL plate with a hole 
in it at a b^ die foicuft of the ieybglass S, of sudi a diameter as 
will ciraiUDseribe the image, so. as to exhibit only that part of 
it ^ich a^ear§ diisiSicty and to exclude the superfiuous rays. 
4. ¥here & an idjoistitigf screw oh the outside of the great 
tu$ej conneeted with the smaJI inoculum, by which that spe- 
cdJ^ mc^' be {hii^d backward or forward to adjust the 
initlximent to dll^tinct vision. I'he hand is ap|)lied for this 
piwpose at T, • 

Nhjotorti^ 7Vfe«lt*>pci».— These tetesco|]tes sa^ now more 
fr^aeiltly used for celei^al observations than during the last 
centmry, vAaen Gifegorian reflectOTs were generafly preferred. 
Sit W. HerSfehel was chiefly instrumental in intrgdueing this 
fortn of the reflecting telescope to the mote particular atten- 
tim of astrooomers^ liy the splendour and extent of the diseo- 
Tteiies wlaeh it eiiabled him to make. In t^is telescope there 
v no hole i«qiiired m the middle of ^e great speculum, as in 
tfce Ghfegorian construction, which circumstance secures th« 
^Be of ail the rays which flow from the central parts of the 
nairrdr. 

The lowing table contains a statement of the apertures 
nd Bftsgniiyii^ powers of Newtcmian telescopes, arid the 
facal Stances of their eyeg'feiBses. The first column con- 
ttMM tiie feed length of t^ great speculum in feet; the 
»toIui, its Hneair aperture in inches ; the third, the focal dis» 
^A»ce of the single glass in deeiihals, or in lOOOths of an inch 
«ndthe foarth cdttmn contains the magnifying power. This 
portion oi the ki/ble iraa constructed by iwing the dimensions 
^ Mr; H»diey's Netrttoian teiescc^, formeriy referred to, as 
a atemdardi the focal distance of ibt great mirror being 62^ 
iwJhetv T^ Hwdhim ap«*ture 5 inches^ arid power 208. The 
fi^ Bixl^ ited s^veilth columns contain the apertures of the 
^care s^nluiby the focal lengths cf the eyeglasses, and 
fe ^wgntfymg powers^ fls calcuhrted by Sir D. Brewster, 
^^la a teieseope df Mr. Maaksbee, taken as a standard, 
wkoste fedal feiigth was d feet 8 inches, its aperture about 4 
"*^es^ aad magmfyiag power 286 times. 
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One great advantage of reflecting telescopes above common 
refractors is, that they will admit of eyeglasses oi a much 
shorter focal distance, and, ccmsequently, will magnify so 
much the more, for the ravs are not coloured by reflectioa 
from a concave mirror, if it be ground to a true figure, as th«y 
are by passing through a convex glass, though figured and 
polished with the utmost exactness. It will be perceived 
from the above table that the focal length oi the eyeglasses is 
very small, the lowest there stated being only about i^th of 
an inch, and the highest Uttle more than ^th of an inch focal 
distance. Sir W. Herschel obtained the high powers which 
he sometimes put upon his telescopes by using small double 
convex lenses for eyeglasses, some of which did not exceed 
the one- fiftieth of an tnch in focal length. When the focd 
length of the concave speculum and that of the eyeglass aie 
given, Uie magnifying power is found by dividing the former 
by the latter, after Imvine reduced the focal kngth of the 
concave speculum to inches. Thus the 6 feet speculum, 
multiplied by 12, produces 79 inches, which, divided by 
Brewster's number for the focus of the eyeglass « 200, or 
|th of an inch, produces a quotient of 860 as the magnifying 
power. It has been calculated that, if the metals of a New- 
tonian telescope be worked as exquisitely as those in Sir W. 
Herschel's 7 feet reflector, the highest power that such a 
telescope should bear with perfect distinctness will be found 
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by maltiplyijig the diameter of the gi^t sp^ulum in inches 
by 74, and the focal difltancie of th^ stn^e eyb'^tass ttizl^ te 
found by dividing the focal distance of the great mirror* By 
the maghifying power. Thns 6.25-*the aperture in inches 
of iiersdiers 7 feet Newtonian— .^inhipliea by 74, tt 4^, 
the magnifying poWer ; and 7 miiltiplied by J2, ind dividjftd 
*% 4b% is 60.182 of an inch, the focal cUstaACe iX the sihi^e 
eyeglass required. But it is seldorn that more than one-lwlf 
of thi^ power can be applied with effect to atty of the pfenet- 
arybooies. For general purposes, the power prbdtrcedby 
muhiplying the diameter of the speculum by SO or ^ will %e 
found most satisfactory. 

The following are tne general prices of reflecting telescopes 
as made by the London opticians. '^' ' 

£ i. 
A four feet, seveo iuch aperture, Gregorian reflector* with Uie - 
Tertical motions npon a new invented principle, ju well as appa- 
ratus to render the tube more steady in obeervaHon, according to 
the additional apparalna of small speculums, ejrepieces^ microme- 
ters, &^.,^om ....80 to 120 

Three feet Ions, mounted on a plain brass stand 23 2 

Ditto, with racK-work motions, improved mountinff, and metals 39 [18 
Two feet long, without rack-work, and with 4 magni^ing • ^ 

. jpowers, improt^ ...,..*^ .r...,,^.^. 15 15 

•' Ditto, with rack-work motion '22 1 

Eighteen inch, on a piidn stand ' 9 9 

; Twelve iniih, ditto...;.... 6 6 

The. above are the prices stated in Messrs. W. and S. 
Jopes's catalogue. ' 

The following list of prices of the various kinds x)f r^cting 
telescopes is froih Messrs. Tulley's (of Islington) caiaJki{fii«. 

"• ' ' ''^- '• X §. 

1 foot Greg0rmn reflector, on pillar and claw stand, metal 21 * 
inchiM diameter, packed in a m^nogahy box .. .^. . .^ T. .......:. . $ 6 

li fo^t ditto, on pillar and ctla# staCnd, metal 3 ipches diameter, - - 
flicked in a mahogany box .♦ ..ir...^i*.U.,U*^«...#.. 11 11 

2 feet ditto, metal 4 inches diameter • ^IG 16 

Ditto,. ditto, with rack-work motions « 25 ' 4 

3 feet ditto, B^etid 5 inches diamefer, with rack- work motions. -42 ' 
Ditto, metal 6 inches diameter, on a tripod stand; with centrr ' 

of gravity motion .*.. ».,..... 68 5 

4^^ feet ditto, metal 7 inches diameter, as above. . • i05 

6 feet ditto; metal 9 inches diameter, on ah improved iron stand 210' 

7 feet Nemiotnan r^flactoirs, 6 inches apeiftur^, i*oiihted'-tin a > 

new and i^iproved stand ^ ;v. 105 

Ditto, ditto, metal 7 inches diameter '126 

9 feet ditto, in^tal 9 inches dianketer..^....... .....<: 210^ 

10 feet ditto, metal 10 inches diameter * ... . .. « 315 ^ 

12 feet ditto, metal 12 inches diameter ^^25^ 

ComparaHve BrightntsB of Achromatic and Sefltct%ng 
TViBcopei.^'The late astronomer royal, Dr. MasfceWii^*!|fim 
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a comparison of a yariety of telescopes, was led to the foDow- 
ing conclusion : •* that the aperture o[ a common reflecting 
tekscope, in order to show objects as bright as the achroma- 
tic, must be to that (^an achromatic tel^cope as 8 to 5 ;'^ in 
other words, an achnnnatic whose object-gJass is 5 inches in 
diameter, will show objects with as great a degree of bright- 
ness as a reflector whose large speculum is 8 inches in dia- 
meter. This result, if correct, must be owing to the small 
number ^f rays reflected from a speculum compared with the 
number transmitted through an achromatic object-glass. 

SECT. II. ^THB HER8CHELIAN TELESCOPE. 

So(m after Sir William Iletschel commenced his astrono- 
mical career, he introduced a new era in the history of re- 
flecting telescopes. After he had cast and polished an im- 
mense variety of specula for telescopes of dinerent sizes, he 
at length, in the year 1782, finished a 20 feet reflector with 
a lare^ aperture. Being sensible of the vast quantity of light 
which is lost by a second reflection from the smaU speculum, 
he determined to throw it aside altogether, and mounted this 
20 feet reflector on a stand that admitted of being used with- 
ou*t a small speculum in making front observations f that is, 
in sitting with his back to the object, and lo(^dng directly 
towards the surface of the speculum. Many of his discove- 
ries and measurements of double stars were made with this 
instrument, till at length, in the year 1785, he put the finish- 
ing hand to that gigantic speculum, which soon became the 
object of unirersu astonishment, and which was intended'fer 
Ym forty-feet reflecting telescope. He had succeeded so 
well in constructing reflecting telescopes of ccwnparatively 
small aperture, ^^it they would bear higher magnifying 
powers than hsA ever previously been applied ; but he found 
that a deficiency of light could only be remedied by an in- 
creased diameter oi the large speculum, which Uierefore was 
his main object when he undertook to accomplish a work 
which to a man less enterprising would have appeared im- 
practicable. The difficulties he .had to overcome were nume- 
rous, particularly in the <^rative department of preparing, 
melting, annealing, grinding, and polishing a mass of me^ 
that was too unwieMy to be moved without the aid (A me- 
chanical powers. At length, however, all difficulties having 
been overc<mie, this magnificent instrument Was completed, 
with all its complicated apparatus, and erected for observa- 
tion, on the 28th of August, 1789, and on the same day fhe 
siith satellite of Saturn was detected, as a pirelude of stiU 
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iaitiier dijBCOTei-ie» ipviiich were afterward made by this in- 
strument in the celestial regions. 

It would be loo tedious to attempt a description 6f ail the 
machine]^ and apparatus connected with this noble instru- ' 
ment. The reader who wishes to pursue a minute descrip-- 
tioii of the staits, ladders, platform, rollers, and of every cir^ 
cmnstance relating to joiner's work, carpenter's work, smith's 
work, and other particulars connected with the formation and 
erection of this telescope, will find the details recorded in the 
85di volume of the Philosophical Transactions of the Royal 
Society of London for 1795, in which there are sixty-three - 
pages of letter-press, and eighteen plates illustrative of the 
subject. I shan content myself with giving a short outline 
of the essential parts belonging to this instrument. 

The tttbe of this telescope is made of rolled or sheet iron, ' 
joined together without rivets ; the thickness of the sheets is 
somewhat less than Ath part of an inch, or 14 pounds weight 
for a square foot. Great care was taken that the cylindrical 
form should be secured, and the whole was coated over three 
ot four times with paint, inside and outside, to secure it 
agaitst the damp. This tube was removed from the place' 
in which it was formed by 24 men, divided into six sets, so 
that two men on each side, with a pole 5 feet long in their 
^ds, to which was affixed a piece of coarse cloth 7 feet long, ' 
going under the tube, and joined to a pole 5 feet long in the 
Hands of two other men, assisted in carrying the tube. The 
l^gth of this tube is 39 feet 4 inches, the diameter 4 feet 10 
inches ; and, on a moderate computation, it was ascertained 
that a wooden tube of proper dimensions would have ex- 
ceeded an iron one in weight by at least 3000 pounds. 
Reckoning the circumference of the tube 15 feet, its length 
39i feet, and 14 lib. for the weight of a square foot, it must 
We contained 590 square feet, and weighed 8260 pounds. 
Various hoops were fixed within the tube, and longitudinal 
oars of iron connecting some of them are attached to the two 
ends of the tube, by way of bracing the sheets, and preserv- 
ing the shape perfect, when the pulleys are applied to give 
jhe necessary elevation at the upper end, and that the specu- 
Jnmmay be kept secure at the lower end. The lower end 
01 the tube is firmly supported on rollers, that are capable of 
"eing moved forward or backward by a double rack, con- 
nected with a set of wheels and pinions. By an adjustment 
^t the lower extremity of the tube, the speculum is turned to 
a small ihcUnation, so that the line of collimation may not be 
comcident with the longitudinal axis of the tube, but may 
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cross the tube diagonally, and meet the eje in the air at ^imi 
two iiiche3,frGan the edge of the tub^, whicb is the peculianty 
of the construction that supersedes the necessity of applying 
a.iecond reflector. Hence no part of the he?id of the w^erver 
lOtercepts tl^e incident rays, and the ohseiration is taken 
vpfOi the &ce looking at the speculum, the hack l>eing turned 
to the object to be observed. 

THe large speculum is enclosed in a strong iron ting,. 
braced across with bars of iron, and an enclosure of uroot a^ 
ten sheets make a case for it. It is lifted by three handles 
of irou attached to the sides of the rmg, and is put into and 
taken out of its proper place in the tube bv the help of a 
movable crane, runnins^ on a carriage, whicn operation re- 
quiies .^^eat care. The speculum is made of a metallic 
composition, and is 49^ inches in diameter ; but, the ccmcave 
ppliahed suxfkce is only 48 inches, or 4 feet in diameter. Its 
thickness if 3i inches; and when it came from the cast its 
weight .was 21 1^ pounds. The metals for its formation were 
uocured at a warehouse in Thames street, Ijondon, ^here 
they k€|pt ingots of two kinds ready made, one of w^e and 
t|ie gther of bell-met^ ; and it was ccnnposed of twp in^;)ts 
of be]l-me|tal for one of white. It was not to be exp^ted that 
a iipQcuJiviiif of such large dimensions could have a perfect 
K^ur^ imparted to its sunace, nor that the curve^ whatever it 
might be, would remain identically the same in changes of 
t^perctture ; therefore we are not surprised when we are 
tojkl. tl^t the magnifying powers used with this telescope 
seldom exceeded 200, the quantity of light coJlected by. so 
large a sur&ce being the principal aim m the maker. The 
raising of the balcony, on which the observer stands, and the 
sliding of the lower end of the tube, in which the speculum 
rests^ aye effected by separate tackles, and require only occa- 
sional motions ; but the elevation of the telescope requires the 
ipijin. tackle to be employed, and the motion usually given in 
altitude at once was two degrees ; the breadth of the zone in 
W^ich the observations were made^as the motion of the sphere 
in right ascension brought the objects into view. A star^ 
however, could be followed for about a quarter of an hour. 
Three persons were employed in using this telescope, .one to 
work the tackle, another to observe, and a third to mark down 
the observations. The elevation was pointed out by a small 
quadrant fixed to the main tube, near the lower end, but the 
pplar distance was indicated by a piece of machinery, worked 
bjr. a jstring, which continually indicated the degree and 
'nihute cm a dial in the small house adjoining, while the time 
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WW shown by a clock in the same place, Miss Herschel per- 
&rming the office of registrar. 

. At the upper end the tube is open, and directed to the pan 
of the heavens intended for observation, and the observer, 
standing on the foot-board, looks down the tube, and per- 
ceives the object by rays reflected from the speculum through 
the eyeglass at the oJ)ening of the tube. Wnen the telescope 
is directed to any objects near the zenith, the observer is ne- 
cessarily at an elevation at least 40 feet from the ground. 
Near the place of the eyeglass is the end of a tin pipe, into 
which a mouthpiece may be placed, so that, during an ob- 
servaticm, a person may direct his voice into this pipe, while 
his eye is at the glass. This pipe, which is li inch in dia- 
meter, runs down to the bottom of the tube, where it goes 
into a turning joint, thence into a drawing tube, and out of 
this into another turning joint, from whence it proceeds, by a 
set of sliding tubes, fowards the front of the foundation limber. 
Its use is to convey the voice of the observer to his assistants, 
for at the last place it divides itself into two branches, one 
going into the observatory, the other into the workman*s 
room, ascending in both places through the floor, and termi- 
nates in the usual shape of speaking trumpets. Though the 
voice passes in this manner through a tube, with many 
inflections, and through not less than 115 feet, it r^uires 
very little exertion to be well understood. 

To direct so unwieldy a body to any part of the heavens 
at pleasure, many mechanical contrivances were evidently ne- 
cesisary. The whole apparatus rests upon rollers, and care w4s 
previously taken of the foundation in the ground. This con- 
sists of concentrical brick walls, the outermost 42 feet, the 
innermost 21 feet in diameter, 2 feet six inches deep under 
ground, 2 feet 3 inches broad at the bottom, and 1 foot 2 
inches at the top, capped with paving stones 3 inches thick, 
and 121 inches broad. 

In the centre is a large post of oak, framed together with 
braces under ground, and walled fast to brickwork to make 
it steady. Round this centre the whole frame is moved 
horizontally by means of 20 rollers, 12 upon the outer Mid 
8 upon the inner wall. The vertical motion is given to the 
instrument by means of ropes and pulleys, passing over the 
main beam Supported by the ladders. These ladders are 
49 feet long, and there is a movable gallery with 24 refers 
to ease its motion. There is a staircase intended for persons 
who wish to ascend into the gallery mthout being obliged 

19* 



222 hbrschel's telescope. 

to go up the kdder The ease with which the hoxi^onii 
mi TCrtical mptipos may be communicated to the tube may 
\m. conceived from a remark of Sir W. Herschel, that in the 
Tear. 1789 he aeveral times observed Saturn, two or three 
Aoim before and after its meridian passage, with one single 
peiBOA to coQtinuf^ at his directions, the necessary horizontal 
and vertj^ motions. 

By this telescope the sixth and seventh satellites of Satutn 
ware disei^red, only ooe of which is within the reach of the 
S)0 feet reflector* or even of a 25 feet instrument. The £$- 
ioyj^ry a[ the satellites of the planet Uranus, however, was 
iMde by the 20 feet reflector, but only after it had been coq- 
verted fircxn the Newtonian to the tierschelian construction, 
which afibrds a proof of the superiority of the latter construc- 
tion over the former, when the same speculum is used. 
Never had the heavens before been observed with so extra- 
erdiniury an instrument as the forty-feet reflector. The nebii- 
loiities which are found among the fixed stars in various re- 
|;ions of the heavens appeared fumost all to resolve themselves 
4iitoan innumerable multitude of stars; others, hitherto im- 
perceptible, seemed to have acquired a distinct light. On 
the entrance of Sinus into the field of the telescope, the eye 
was so vidently afiected that stars of less magmtude could 
not immediately after be perceived, and it was necessary to 
wait for 20 minutes befc^e these stars could be observed. 
Tho.ring of Saturn had always before ceased to be visible 
Mrfaen its plane was directed towards the earth ; but the feeble 
, light which it reflects in that position was enouffh for Her- 
schers instrument, and the ring, even then, still remiedned 
visible to him. 

. It has been generally considered that this telescope was 
CapaUe of carrvmg a power of 6000 times; and perhaps, for 
the purpose of an experiment, and for trying its eflect on 
icertain objects, such a . power may have been applied, in 
which case the eyeglass must have been only Atns of gn 
inch focal distance, or somewhat less than fi||th of an inch. 
But such a power could not be generally applied with any 
good eflect to the planetary booies^ and I question much 
whether any power a.bove 1000 times was evqr generally 
i}sed; for it is the quantity of light which the telescope col- 
lects, more than the magnifying power, that enables us to 
penetrate, with eflect, into the distant ppacespf the firmament; 
^nd hence^ as above stated, the power seldom exceeded 200, 
which on account of the large diameter of the speculum, 
«%ould enahl^e the instrun^nt to penetrate* into the distant 
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o^ksiial spaces perhaps farther than if a power of as many 
thouisands of times had been applied. 

Sir John Herschel, who inherits all the science, skill, and 
industry of his father, some time ago ground and polished 
a new speculum for the 20 feet tube, formerly noticed, which, 
is connected with a stand, pulleys, and other appendages 
similar to those above described, though of smaller dimen- 
mons. This telescope shows the double stars exceedingly 
well defined, and was one of the principal instruments used 
in forming his catalogue of these objects which was pre- 
sented to the feoyal Society, in conjunction with that of Sir 
James South, about the year 1828. I suppose it is likewise 
the same telescope with which Sir John lately made his side- 
real obseryations at the Cape of Good Hope. 

SECT. m. ^RAMAOB's LARGS REFLECTINO TELESCOPE. 

The hxeo^i front view reflecting telescoJ)e in this country^ 
next to Hersciiers ^ feet instrument, is that which was 
erected at the Royal Observatory at Greenwich in the year 
1820, by Mr. Ramage, of Abercfeen. The diameter of the 
concave reflector is 15 inches, and its focal length 25 feet. 
It is erected on machinery which bears a certain resemblance 
to that of Herschel's, which we have now described, but the 
mechanical arrangements are greatly simplified, so that the ' 
mstrument is manageable by an observer without an assist- 
ant. The tube is composed of a twelve-sided prism of deal 
-fths of an inch thick. At the mouth is a double cylinder of 
difierent diameters on the same axis ; around this a cord is 
wound by a winch, and passes up from the small cylinder, 
over a pulley, and down through another pulley on to the 
large cylinder. When the winch, therefore, is turned to raise 
the telescope, the endless cord is unwound from the smaller 
cylinder and wound on to the larger, the difference of the size 
d the two cylinders will be double the Quantity raised, and 
a mechanical force to any extent may thus be obtained, by 
duly proportioning the diameters of the two cylinders ; by 
this contrivance the necessity of an assistant is superseded. 
The view through this instrument first astonished those ob- 
servers who had not been accustomed to examine a heavenly 
body with a telescope possessing so much light, and its per- 
formance was deemed quite extraordinary. But when the 
fir^t impression had subsided, and difierent trials had been 
made in difierent states of the atmosphere, it was discovered 
that the central portion of the speculum was Tiore perffectly 
figured than the ling bordering on the extreme edges. When 
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the aperture was limited to ten or twelve inches, the per- 
formance as to the distinctness in its defining power was 
greatly improyed, and the lis^ht was so brilliant that the as- 
tronomer royal was disposed to entertain ^n. opinion that it 
might equal that of a good achromatic refractor of the same 
dimensions. When, however, very small and obscure objects 
are to be observed, the whole light of the entire aperture may 
be used with advantage on favourable evenings. 

The eyepieces adapted to this telescope have powers which 
magnify the object linearly from 100 to 1500 times, which are 
competent to fulfil all the purposes of vision when cleared of 
aberration. When the telescope is placed in the plane of the 
meridian, and elevated, together with the gallery, into any re- 
quired altitude, the meridional sweepsj formerly practised by 
Sir W. Herschel, and continued by Sir John with great suc- 
cess, in the examination of double stars and nebula, may be 
managed with great ease. 

Mr. Ramage had a telescope of about the same size erected 
in an open space in Aberdeen, which I had an opportunity 
oi inspecting when I paid a visit to that gentleman in 1^3^ 
but cloudy weather prevented my obtaining a view of any 
celestial bodies through it. He showed me at that time two 
or three large speculums, from 12 to 18 inches in diameter, 
which he had finished some time before, and which appeared 
most beautifully polished. He told me, too, that he had 
ground and pohshed them simply with his hand, without the 
aid of any machmery or mechanical power : a circumstance 
which, he said, astonished the opticians of London when it 
was stated, and which they considered as almost incredible. 
His experience in casting and polishing metals of various 
sizes durin&f a period of 15 or 16 years, qualified him to pre- 
pare speciua of great lustre, and with an unusually high 
polish. It has beei?i asserted that a fifty-feet telescope by 
Kamage, of 21 inches aperture, was intended to be substituted 
for the 25 feet instrument erected at Greenwich, and the 
speculum, it is understood, was prepared, and ready for use, 
provided the Navy Board was disposed to defray the expense 
of carrying the plan into execution ; but, unfortunately, this 
ingenious artist was unexpectedly cut of[ in the midst of his 
career, about the year 1835. 

SECT. IV. THE AERIAL REFLECTOR CONSTRUCTED BY THE 

AUTHOR. 

A. particular description of this telescope was given in the 
• Edinburgh New Philosophical Journal'* for April— July 
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1930» conducted bv Professor Jamescm, tlie gi^eater patt (^ 
wbich was copied id the "London Encyclopedia," under the 
article Telescope. Froni this description I shaH endeavour 
to condense a brief account of this instrument, with a few 
additional remarks. 

About the year 18%2, an old speculum, OT inches in focal 
lei^th, very imperfectly polished, happened accidentally to 
conf e into my possession, and feeling no inclination td fit itf 
ap in the Gregorian form, I adopted the resolution of throw- 
mg aside the small speculum, and attempting the front view^ 
notwithstanding the uniform assertion of opticians that such 
an attempt in mstruments of a small size is impracticable. 
I had some ground for expecting success in thiis attempt from 
several experiments I had previously made, particularly from 
some modificati(»)s made m the construction of astronomical 
eyepieces, which have a tendency to correct the aberration 
<a the rayv of light ^hen they proceed somewhat obliquely 
from a lens or speculum. In the first instance, I placed the 
speculum at one end of a tube of the form of the segment of 
a cone, the end next the eye being somewhat wider than that 
at which the speculum was fixed, and its length about an 
inch shorter then the focal distance of the mirror. A small 
tube for receiving the difierent eyepieces was fixed in the in- 
side of the large tube at the end next the eye, and connected 
with an apparatus by which it could occasionally be moved 
either in a vertical or horizontal direction. With the in- 
strument fitted up in this manner, I obtained some interesting 
views of the moon and of terrestrial objects; but, finding that 
(me side of the tube intercepted a considerable portion of light 
from ^te object, I deterhiined to throw aside the tube ^to- 
gether, and to fit up the instrument on a difierent plan. 

A short mahogany tube, about three inches long, was 
prepared, to serve as a socket for holding the speculum. To 
the side of this tube an arm was attached, about the length 
of the focal distance of the mirror, at the extremity of which 
a brass tube for receiving the eyepieces was fixed connected 
with screws and sockets, by which it might be raised or de* 
pressed, and turned to the right hand or to the left, and with 
adjusting apparatus, by which it might be brought nearer to 
or farther from the speculum. Fig. 69 exhibits a general 
representation of the ihstrument in profile. A B is the short 
tube which holds the speculum ; C D the arm which carries 
the eyetubes, which consists of two distinct pieces of mahogany ; 
the part D being capable of sliding along the under side of C, 
DuroUgh the biasfei sockets E F. To the under part of thid 



226 dick's ABftlAL REFLKOTOIU 

socket, F9 is attached a brass nut with a female screw, ia 
which the male screw, a 6, acts by. applying the hand to the 
knob c, which serves for adjusting the instnunent to distinct 
vision. G is the brass tube which receives the eyepieces 
It is supported by a strong brass wire, d e^ which passes 
through a nut connected with another strong wire, which 
passes through the arm D. By means of the nut^^ this tube 
may be elevated or depressed, and firmly fixed in its proper 
position ; and by the nut d it may be brought nearer to, or far- 
ther fromt the arm D. 




By the same apparatus, it is also rendered capable of bemg 
moved either in a vertical or horizontal direction ; but when 
it is once adjusted to its proper position, it must be firmly 
fixed, and re(juires no farther attention. . The eyepiece repre- 
sented in this figure is the <Mie used for terrestrial objects, 
which consists of the tubes belonging to a pocket achromatic 
telescope. When an astronomical eyepiece is used, the 
length of the instrument extends only to the point I. In 
looking through this telescope, the right eye is applied at the 
point H, and the observer's head is understood to be uncovered, 
or, at least, tightly covered with a thin cap. For those who 
use only the left eye, the arm would require to be placed on 
the opposite side of the tube, or the arm, along with the tube, 
be made to turn round 180 degrees. 

Fig. 70 represents, a front, or, rather an oblmue view of 
the instrument, in which the position of theapeeulum may b« 
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seen. All the specnla which I fitted up in this form, having 
l)een originally intended for Gregorian reflectors, have holes 
in their centres. The eyepiece is therefore directed to a 
point nearly equidistant from the hole to the left-hand edge of 
the speculum, that is, to the point a. In one of these in- 
struments fitted up with a four-feet speculum, the line of 
vidoB is directed to the point h on the opposite side of the 
speculum, hut in this case the eyetube is removed farther 
from the arm than in the former case. The hole in the cen- 
tre of the speculum is obviously a defect in this construction 
of a reflecting telescope, as it prevents us from obtaining the 
foil advantg^e of the rays which fall near the centre of the 
mirror; yet the performance of the instruments, even with 
this disadvantage, is superior to what we should previously 
have been led to expect. 

The principal nicety in the construction of this instrument 
consists in the adjustment and proper direction of the eyetube. 
There is only one position in which vision will be perfectly 
distinct. It must be neither too high nor too low ; it must be 
fixed at a certain distance from the arm, and must be directed 
to a certain point of the speculum. This position must be 
ultimately determined by experiment when viewing terrestrial 

Figure 70.. 
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obiects. A person unacquainted with this oooa^cli<m,pf 4]^e 
telescope would perhaps find it difficult, in the first instaupe, 
to make this, adjustment ; but were it at any time deian^, 
through accident or otherwise, I can easily make the adjust- 
ment anew in the course of a minute or two. 

In pointing this telescope to the x)bject intended to be 
yiewed, the eye is appliea at K, Sg, C^O, and looking ^Jong 
the arm, towards the eyepiece, till it nearly coincide witk^e 
object, it will, in most cases, be readily foupd. In this wfy 
I can easily point this instrument to Jupiter or S^ujrn, oi.to 
any of the other planets visible to the naked eye,,eTen wi^n 
a power of 160 or 170 times is apj^lied. When higli ipfsgi^- 
fyinff powers, however, are used, it may be expedient to &c, 
on the upper part of the short tube in which the speculmn 
rests, a Finder, such as that which is used in Ne wtoniaa tele- 
scopes. When the moon is the object intended to be. viewed, 
she may be instantly found by moving the instrument^ her 
reflected image be seen from the eye-end of the tel^scppe on 
the face of the mirror. 

I have fitted up several instruments of the above descj^p- 
tion with specula of 16, 27, 35, and 49 inches focal distip^qe. 
One of these, having a speculum of 27 inches focal l&D^, 
and an astronomical eyepiece producing a magnifyin&f power 
of about 90 times, serves as a good astrcmomical telescope. 
By this instrument the belts and satellites of Jupiter, the ring 
of Saturn, and the mountains and cavities df the moon, may 
be contemplated with great ease and distinctness. With a 
magnifpng power of 35 or 40 times, terrestrial objects appear 
remarkably bric^ht and well defined. When compared with 
a Gregorian, the quantity of light upon the object appears 
nearly doubled, and the image is equally distinct, although 
the speculum has several blemishes, and its surface is but 
imperfectly- polished. It represents objects in their natural 
. colours, without that dingy and yellowish tinge which appears 
when looking through a. Gregorian. Another of these instru- 
ments is abqut four feet long. The speculum which belongs 
to it is a very old one : when it came into my possession, it 
was so completely tarnished as scarcely to reflect a ray of 
b'ght. Afler it was cleaned, it appeared to be scarcely half 
polished, and its surface is covered with yellowish stains 
which cannot be erased. W ere it fitted up upon the Gre- 
gorian plan, it would, I presxune, be of very little use, unless 
when a very small magnifying power was applied ; yet in its 
present form it bears with distinctness a magnifying power of 
130 timesy and ia equal in its pediBsmance to a 8i feet achro- 
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matic. It exhibits distinct and interesting views of the diver- 
sities of shade, and of the mountains, vales, cavities, and other 
inequalities of the moon's surface. With a power of about 
50 times, and a terrestrial eyepiece, it forms an excellent 
telescope for land objects, and exhibits them in a brilliant and 
novel aspect. The smallest instrument I have attempted to 
construct on this plan is only 51 inches focal distance, and 
Ifths of an inch in diameter. With a magnifying power of 
about 15 times, it shoAvs terrestrial objects with distinctness 
and brilliancy. But I should deem it inexpedient to fit up 
any instrument of this description with specula of a shorter 
fooil distance than 20 or 24 inches. The longer the focal 
distance, the more distinctness may be expected, although 
the aperture of the speculum should be comparatively small. 
The following are some of the properties and advantages 
peculiar to this construction of the reflecting telescope : 

1. It is extremely simple, and may be fitted up at a com- 
paratively small expense. Instead of large and expensive 
Wss tubes, such as are used in the Gregorian and Newto- 
nian construction, little more is required than a short mahog- 
any tube, two or three inches long, to serve as a socket for 
the speculum, with an arm connected with it about the focal 
length of the speculum. The expense of small specula, 
either plain or concave, is saved, together with the numerous 
screws, spring, &c., for centring the two specula, and placing 
the smaU mirror parallel to the large one. The only adjust- 
ment requisite in this construction is that of the eyetube to 
the speculum ; and, by means of the simple apparatus above^ 
described, it can be effected in the course of a few minut^. 
Almost the whole expense of the instrument consists in the 
price of the speculum and the eyepieces. Tha^xpense of 
fitting up the four feet speculum alluded to a5ove, exclusive 
of speculum and eyepiece, but includij[ig mahogany tube and 
JEirm, brass sockets, screws, eyetpbe, brass joint, and a cast-, 
iron stand, painted and v^rmshed, did not amount to i61 8*. 
A Gregorian of the jwtme size would have required a brass 
tube at least 4i feet in length, which would cost five or six 
rruincas, besides the apparatus connected with the small 
oeculum, and the additional expense connected with the 
tting up of the joint and stand requisite for supporting and 
teadying so unwieldy an instrument. While the one instru- 
ment would require two persons to carry it from one room to 
npther, and would occupy a considerable space in an ordi- 
laiy apartment, the other can be moved, with the utmost 
Vol. IX. 20 
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ease, with one hand, to any moderate distance, and the space 
it occupies is extremely small. 

2. // is more convenient for viewing celestial objects at a 
high altitude than other telescopes. When we look through 
a Gregorian reflector or an acnromatic telescope of four or 
five feet in length, to an object elevated 60 or 60 degrees 
above the horizon, the body requires to be placed in an 
uneasy and distorted position, and the eye is somewhat 
strained while the observation is continued ; but when viewing 
similar objects by the Serial JReflector, we can either stand 
perfectly erect, or sit on a chair, with the same ease as we 
sit at a desk when reading a boc^ or writing a letter. In 
this way, the surface of the moon or any -of the planets may 
be contemplated for an hour or two without the least weari- 
ness or fatigue. A delineation of the lunar surface may be 
taken with this instrument with more ease and accuracy than 
with any other instrument, as the observer can sketch the 
outline of the object by one eye on a tablet placed a little 
below the eyepiece, while the other eye is looking at the ob- 
ject. For the purpose of acconmiodatmg the instrument to a 
sitting or standmg posture, a small table was constructed, 
capable of being elevated or depressed at pleasure, on which 
the stand of the telescope is placed. When the telescope is 
four or five feet long, and the object at a very high elevation, 
the instrument may be placed on the floor of the apartment, 
and the observer will stand in an erect position. 

3. This instrument is considerably shorter than a Grego- 
rian telescope whose mirror is of the same focal length. When 
an astronomical eyepiece is used, the whole length of the in- 
strument is nothing more than the focal length of the specu- 
lum ; but a Gregorian, whose large speculum is four feet 
focus, will be nearly five feet in length, including the eye- 
piece, 

4. The Aerial Reflector far excels the Gregorian in bright- 
ness. The deficiency of light in the Gregonans is owing to 
the second reflection from the small mirror ;. for it has been 
proved by experiment that nearly the oncf-half of the rays of 
light which fall upon a reflecting surface is lost by a second 
reflection. The image of the object may also be presumed to 
be more correct, as it is not liable to any distortipn by being 
reflected from another speculum. 

5. There is less tremor in these telescopes tban in Gre- 
gorian reflectors. One cause, among others, of the tremors 
complained of in Gregorians is, I presume, the. forn^tior 
of a second image at a great distance from the first, besides 



dick's ASBUL RBFIiBCTOB. 2^1 

tbut wliich arises frdm the elastic tremor of the small specu- 
lum, when carried by an arm supported only at one end* 
but as the ima^e formed by the speculum in the aerial tele- 
scope is viewed directly, without being exposed to any subse- 
quent reflection, it is not so Hable to the tremors which are 
so frequently experienced in other reflectors. Notwithstand- 
ing the length of the arm of the four-feet telescope above men- 
tioned, a celestial object appears remarkably steady when 
passing across the field of view, especially when it is at a ^ 
moderate degree of altitude ; and it is easily kept in the field * 
by a gentle motion applied to the arm of the instrument. 

In prosecuting my experiments in relatibn to these instru- 
ments, I wished to^ ascertain what eflTect might be produced 
by using a part of a speculum, instead of a whole. For this 
purpose, I cut a speculum, three feet in focal length, through 
the centre, so" as to divide it into two equal parts, and fitted 
up each part as a distinct telescope, so that I obtained two 
telescopes from one speculum. In this case, I found that 
each half of the speculum performed nearly as well as the 
whole speculum had done before ; at least, there appeared to 
be no very sensible diminution in the brightness of the object, 
when viewed with a moderate power, and the image was 
equally accurate and distinct ; so that if economy were a par- 
ticular object aimed at in the construction of these instruments, 
two good telescopes might be obtained from one speculum ; 
or if a speculum happened to be broken accidentally into large 
fragments, one or more of the fragments might be fitted up on 
this principle to serve as a tolerably good telescope. 

From the experiments I have made in reference to these 
instruments, it is demonstrable that a tube is not necessary 
in the construction of a reflecting telescope — at least, on the 
principle now stated — whether it be used by day or by night, 
lot terrestrial or celestial objects ; for I have frequently used 
these telescopes in the open air in the daytime, without any 
inconvenience from extraneous light. Therefore, were a re- 
flecting telescope of 50 or 60 feet in length to be constructed, 
it might be fitted up at a comparatively small expense, after 
the expense of the metallic substances, and of casting, grind- 
ing, and polishing the speculum is defrayed. The largest 
instrument of this description which has hitherto been con- 
structed is the 40 feet reflector of Sir W. Herschel. This 
complicated and most unwieldy instrument had a tube of roiled 
or sheet iron 39 feet 4 inches in length, about 15 feet in cir- 
cumference, and weighed about 80W pounds. Now I con- 
ceiFc that such enormous tubes, in instruments of such diroen- 
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sions, are altogether unnecessary. Nothing more is requisite 
than a short tube for holding the speculum. Connected with 
one side of this tube, (or with both sides, were it found neces- 
sary,) two strong bars of wood, projecting a few feet beyond 
the speculum end, and extending in front as far as the focal 
length of the mirror, and connected bv crossbars of wood, iron, 
or brass, would be q[uite sufficient for a support to the eye- 
piece, and for directing the motion of the instrument. A tele- 
scope of 40 or 60 feet in length, constructed on this plan, 
would not require one-fifth of the expense, nor one-fourth of 
the apparatus and mechanical power for moving it to any re- 
quired position, which were found necessary in the construc- 
tion of Sir W, Herschel's large reflecting telescope. The 
idea here suggested will perhaps be more readily appreciated 
by an inspection of fig. 71, where A is the short tube, B C 
and D E the two large bars or arms, connected with crossbar?, 
for the purpose of securing strength and steadiness. At I and 
K, behind the speculum, weights might be applied, if neces- 
sary, for counterbalancing the Jever power of the long arm. 
P represents the position of the eyepiece, and G H the joint 
and part of the pedestal on which the instrument is placed. 
With regard to telescopes of smaller dimensions, as from 5 to 
15 feet in focal length — with the exception of the expense of 
the specula and eyepieces — they might be fitted up for a sum 
not greater than from 3 to 10 or 15 guineas. 

Figure 71. 




. Were any person to attempt the construction of those tele- 
Mcopes, it is possible he might not succeed in his first attempts 
without more minute directions than I have yet given. The 
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foUowing directions may perhaps tend to guide the experi- 
menter in adjusting the eyetube to the speculum, which is a 
point that requires to be particularly attended ta, and on which 
depends the accurate performance of the instrument. After 
having fixed the eyepiece nearly in the position it should 
occupy* and directed the instrument to a particular object, 
look along the arm of the telescope, from K (Bs- 69) to the 
extremity of the eyepiece at H, and observe whether it nearly 
coincides with the object. If the object appear lower than 
this line of vision, the eyepiece must be lowered, and if higher, 
it must be raised, by means of the nuts and screws oi gd and 
/*c, till the object and the Une of vision now stated nearly co- 
mcide. The eyepiece should be directed as nearly perpen- 
dicular to the front of the specuhim as possible, but ^ that 
the reflected image of one's head from the mirror shall not 
interfere to obstruct the rays from the object. An object may 
be seen with an approximate degree of distinctness, but not 
accurately, unless this adjustment-be pretty accurately made. 
The astronomipal eyepieces used for these telescopes are fitted 
with a brass cap, which slides on the end next the eye, and 
i» capable of being brought nearer to or farther from the first 
eyeglass. In the centre of this cap, next the eye, is a small 
hole, about the -^^th or yV^^ of an inch diameter, or about as 
wide as to admit the point of a pin or a moderate-sized needle. 
The diaitance of this hole from the lens next the eye must be 
adjusted by trial, till the whole field of view appear distinct. 
A common. astronomical eyepiece, without this addition, does 
not answer well. I find, by experience, that terrestrial eye- 
pieces, such as those used in good achromatic telescopes, are, 
on the whole, best adapted to this construction of a reflecting 
telescope. 

I have sometimes used these instruments for the purpose 
of viewing perspective prints, which they exhibit in a beau- 
tiful aud interesting manner. If a coloured perspective be 
placed at one end of a large room or gallery, and strongly 
illuminated either by the sun or by two candles, and one of 
the reflectors, furnished with a small magnifying power, 
placed at the opposite end of the room, the representation of a 
street or a landscape will be seen in its true perspective, and 
will appear even more pleasant and interesting than when 
viewed through the common optical diagonal machine. If 
an inverting eyepiece be used — ^which is most eligible in 
this experiment— the print, of course, must be placed in an 
inverted position. 

That reflecting telescopes of the descriptions now stated 

20* 
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are original in their construction, appears from the uniforfh 
language of optical writers, some of whom have pronooncec 
such attempts to he altogether impracticahle. Sir David 
Brewster, one of the latest and most respectaUe writers on 
this suhject, in the ** Edinburgh Encyclopedia," art. OpticSf 
and in his bst edition of his Jippendix to ** Ferguson's Lec- 
tures," has the following remarks : ** If we could dispense 
with the use of the smafi specula in telescopes ci moderate 
length, by inclining the great speculum, and using an oblique, 
and, consequently, a distorted reflection, as proposed first by 
Le Maire, we should ccMisider the Newtonian telescope as 
perfect ; and on a large scale, or when the instrument ex* 
ceeds 20 feet, it has undoubtedly this character, as nothing 
can be more simple than to magnify, by a single eyeglass, the 
image formed by a single speculum. As the front view is 
quite impraciicMe, and, indeed, has never been cUtempted in 
instruments of a small size, it becomes of great practical 
consequence to remove as much as possible the evils which 
arise from the use of a small speculum," &c. 

The instruments now described have efl!ectuated, in some 
degree, the desirable object alluded to by this distinguished 
philosopher, and the mode of construction is neither that of 
Sir W. Herschel's front view, nor does it coincide with that 
proposed by Le Maire, which appears to have been a mere 
tint that was never realized in the construction of reflecting 
telescopes of a small size. The simplicity of the construction 
of these instruments, and the excellence of their performance, 
have been much admired by several scientific gentlemen and 
others to whom they have been exhibited. Prior to the, de- 
scription of them in the Edinburgh Philosophical Journal, 
they were exhibited in the Calton Hill Observatory, Edin- 
burgh, in the presence of Professor Wallace and another 
gentleman, who compared their performance with that of an 
excellent Gregorian. As this instrument is distinguished 
from every other telescope in being used without a tube, it 
has been denominated " The Aerial ReflectorJ'^ 

SECT. v. — 'EARL OF ROSSe's REFLECTING TELESCOPES. 

This nobleman, unlike many of his compeers, has, for a 
considerable number of years past, devoted his attenticm to 
the pursuits of science, and particula'rly to the improvement 
of reflecting telescopes. He is evidently 'possessed of high 
mathematical attainments, combined with an uncommon de- 
gree of mechanical ingenuity. About fourteen or fifteen 
years ago, he engaged in various experiments with the view 
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of counteracting the effects of the spherical aberration of the 
specula of reflecting telescopes, which imperfection, if it 
could be completely remedied, would render the refiectmg 
telescope almost a perfect instrument, as it is not affected by 
the difierent refrangibility of the rays of light. His raethodf, 
we believe, consisted in forming a large speculum of two or 
three separate pieces of metal, which were afterward accu- 
rately combined into one — a central part, which was sur- 
rounded by one or two rings ground on the same tool. When 
the images formed by the separate pieces were made. exactly 
to ccancide, the image of the object towards which the whole 
speculum was directed was then found to be as distinct as 
either image had been when separate ; but, at the period re- 
ferred to, a sufficient number of experiments had not been 
made to determine that his lordship had completely accom- 
plished the olgect he intended. 

Great interest, however, has of late been excited by the 
improvements which his lordship has made in the formation 
of specula. Sir W. Herschel never made public the means 
by which he succeeded in giving such gigantic development 
to the refiectinff telescope, and therefore the construction of a 
large reflector has been considered as a perilous adventure ; 
but, according to a report of I)r. Robinson, of Armagh, to the 
Irish Academy, the Earl of Rosse has overcome the difficul- 
ties which have hitherto been met with, and carried to an 
extent which even Herschel himself did not venture to con- 
template, the illuminating power of this telescope, along with 
a sharpness of definition little inferior to that of the achro- 
matic ; and it is scarcely possible, he observes, to preserve 
the necessary sobriety of language in speaking of the moon's 
appearance with this instrument, which Dr. Robinson be- 
lieves to be the most powerful ever constructed. The diffi- 
culty of constructing large specula, and of imparting to them 
the requisite degree of polish, has hitherto been considered so 
great, that from eight to twelve inches diameter has been, in 
general, their utmost size ; indeed, except with the greatest 
reluctance, Lcmdon opticians would not accept of orders for 
specula of more than nine inches in diameter. It appears, 
however, that the Earl of Rosse has succeeded, by a peculiar 
method of moulding, in casting object-mirrors of true speculum 
meted of three feet in diameter, and of a weight exceeding 
17 cwt. He is about to construct a telescope, the speculurh 
of which is six feet in diameter, fifty feet focal distance, and 
of the weight of four tons ; and from what he has already 
accomplished, it is not doubted that he possesses the powe^ 
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to carry his design into effect. These great masses erf" metal 
which, in the hands of all other makers of specula, would 
have heen as untractable as so much unannealed flint-glass, 
the Earl of Rosse has farther succeeded in bringing to the 
highest degree of polish, and the utmost perfection of curva- 
ture, by means of machinery. The process is conducted 
under water, by which means those variations of temperature, 
so &tal to the finest specula hitherto attempted, are elfectually 
guarded against. To convince Dr. Robinson of the efficacy 
of this machinery, the earl took the three-feet speculum out 
of its telescope, destroyed its polished surface, and placed it 
under the mechanical polisher. In six hours it was taken 
out with a perfect new surface as bright as the originaL 
Under the old system of hand polishing, it might have re- 
quired months, and even years, to effect this restoration. Even 
before achieving these extraordinary triumphs on the solid 
substance, his lordship had constructed a six-feet reflector by 
covering a curved surface of brass with squares of the true 
speculum metal, which gave an immense quantity of light, 
tnough subject to some irregularities, arising firom the num- 
ber of joinings necessary in such a mosaic work. Of the 
performance of his lordship's great telescope, mounted with 
this reflector, those who have seen it speak in terms of high 
admiration ; but in reference to the smaller and more perfect 
instrument, furnished with the solid three-feet speculum, the 
language of the Armagh astronomer assumes a tone of enthu- 
siasm, and even of sublimity. By means of this exquisite 
instrument. Dr. Robinson and Sir J. South, in the intervals 
of a rather unfavourable night, saw several new stars, and 
corrected numerous errors of other observers. For example, 
the planet Uranus, supposed to possess a ring similar to that 
of Saturn, was found not to have any such appendage ; and 
■those nebulae, hitherto regarded, from their apparently circu- 
lar outline, as " coalescing systems," appeared, when tested . 
by the three-feet speculum, to be very far indeed from pre- 
senting a globular appearance, numerous ofl^shots and ap- 
pendages, invisible by other telescopes, appearing in all di- 
rections radiating from their edges. Such discoveries, which 
reflect great honour on the Earl of Rosse, will doubtless have 
great effect on the interests of astronomical science.* 

* A particular account of the Earl of Rosse'a fifty-feet reflector, which 
is now finished, is given in the Appendix, 
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8ECT. YI.— -REFLECTINO TELESCOPES WITH GLASS SPECULA. 

After making a variety of experiments with aerial tele- 
scopes constructed of metallic specula of differenl focal lengths, 
I constructed a telescope on the same plan with a concaye 
glass mirror. Having obtained a fragment of a very large 
convex mirror which happened accidentally to have been 
broken, I caused the convex side to be foliated or silverized, 
and found its focal length to be about 27 inches. This 
mirror, which was abojit five inches diameter, I placed in one 
of. the aerial reflectors instead of the metallic speculum, and 
tried its effects with differeftt terrestrial eyepieces. With a 
power of about 35 or 40 times, it gave a beautiful and splei^lid 
riew of distant terrestrial objects, the quantity of light re- 
flected from them being considerably greater than when a 
metallic speculum was used, and they appeared, on the 
whole, well defined. The only imperfection — as I had fore- 
seen—consisted in a double image being formed of objects 
which were remarkably bright and white, such as a light- 
house whitened on the outside, and strongly illuminated by 
the sun. One of the images was bright, and the other faint. 
This was obviously owing to the two reflections from the two sur- 
faces of the mirror — one from the convex silverized side, and 
the other from the concave side next the eye, which produced 
the faint image — which circumstance has been generally 
considered as a suflicient reason for rejecting the use of glass 
specula in telescopes. But, although very bright objects ex- 
kdbited a double image, almost all the other objects in the 
terrestrial landscape appeared quite distinct and without any 
secondary image, so that a common observer could scarcely 
have noticed any imperfection. When the instrument, how- 
cVef , was directed to celestial objects, the * secondary image 
was somewhat vivid, so that every object appeared double. 
Jupiter appeared with two bodies, a little distance frOm each 
other, and his four satellites appeared increased to eight. 
The moon likewise appeared as a double orb, but the prin- 
cipal image was distinct and well defined* Such a telescope, 
therefore, was not well adapted for celestial observations, but 
itiight answer well enough for viewing terrestrial objects. 

Considering that the injurious effects of the secondary im- 
age arose from the images reflected from the two surfaces 
being formed near the same point, and at nearly the same 
focal distance, I formed a plan for destrojn'ng the secondary 
itnage, or at least counteracting its effects, by fornoing the 
concavity of the mirror next the eye of a portion of a spnere 
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difftrtni from that of the convex side which was silTerized, 
and from which the principal image is formed ; but, for a long 
time, I could find no opticians possessed of tools of a sufficient 
length of radii for accomplishing my d'**»ign. At length a 
London working optician undertook to finish a glass speculum 
according to my directions, which were, that the convex sur- 
face of die mirror should be ground on a tool which would 
produce a focal distance by reflection of about four feet, and 
that the concave surface should have its focal distance at 
about three feet three inches, so that the secondary image 
might be formed at about nine inches within the focal distance 
iA the silverized side, and not interfere to disturb the prin- 
cipal image; but, either from ignorance or inattention, the 
artist mistook the radius for the ha& radius of conca^ty,and the 
^«peculum turned out to be only 23 inches focaJ distance by 
tiflection. This mirror was fitted up as a telescope on the 
aerial plan, and I found, as I expected, the secondary image 
completely destroyed. It produced a very beautiful and 
l»ilhant view of land objects, and even the brightest objects 
exhibited no double image. The mirror was nearly five 
inches in diameter, but the image was most accurately de- 
fined when the aperture was contracted to about three inches. 
It was fitted with a terrestrial eyepiece which produced a 
magnifying power of about 25 times. When directed to the 
moon, it gave a very distinct and luminous view of that orb, 
without the least appearance of a secondary image ; but as 
the focal distance of the speculum was scarcely half the 
length I had prescribed, I did not apply to it any high astro- 
nomical powers, as I find that these can only be applied with 
eflfect, in this construction, to a speculum of a considerable 
focal length. Happening to have at hand a convex lens ten 
feet focal length and four inches in diameter, the one side of 
which had been ground to a certain degree of concavity, I 
caused the convex side to be foliated, which produced a focus 
by reflection at 13i inches distant. To this mirror I applied 
terrestrial powers of 15 and 24 with considerable distinctness. 
The power of 15 produced a very brilliant and distinct view 
of land objects. Had the mirror been at least three times the 
focal length, it would have formed an excellent telescope with 
the same aperture. 

SECT. Vli.-i— A REFLECTING TELESCOPE, WITH A SINGLE MTRROB 
AND NO EYEPIECE. 

On the same principle as that by which a refracting tele- 
scope may be constructed by means of a single lens, as repre- 
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sented fig. 51, (page 172,) we may form a telescope by reflec- 
tion with a single mirror and without an eyepiece. Let A B, 
fig. 72, represent a large concave speculum, and C its focus : 

FigunTZ. 



if an ^ye bo placed at D, about eight or ten inches within the 
focal point C, all the objects in the direction of C, or behind 
the spectator, will be seen magnified by reflection on the face 
' of the mirror, and strongly illuminated. The magnifying 
•power, in this casf», will oe nearly in the proportion of the 
focal length of the mirror to the focal length of the eye for 
near objects. If, for example, the focal distance of the mirror 
'be eight feet, and the distance from the eye at which we see 
near objects most distinctly be eight inches, the magnifying 
power will be in the ratio of 8 to 96, or 12 times. I have a 
ghss mirror of this description, whose focal length is four feet 
eight'iilCh0s,'khd diSittieter six inches, which magnifies dis- 
tant objects about seven times, takes in a large field of view, 
and exhibits d)ject» with great brilliancy. It presents a: very 
distinei|)1cltire of the'iiiobn," showing the different streaks of 
light and shade upon her surface, and in some cases shows 
the larger spots which trarerse the sdar disc. This mode of 
viewing -objects is extremely easy and pleasant, especiaUy 
when the mirror is of a large diameter, and the observer is at 
first struck and gratified with the novel aspect In which the 
objects appear. 

' Were a concave mirror of this description — whether c^ 
glass of of speculum melal— to be formed to a very long focus, 
the magnifying power would be considerable. One of 50 feet 
foaU length* and of s correspeiidkig diameter, might produce 
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a magnifyiog power, to certain eyes, of about 75 times ; aid, 
from the Quantity of light with which the object would !« 
seen, its enect would be much greater than the same power 
applied to a common telescope. Sir W. Herschel states that, 
on one occasion, by looking with his naked eye on the specu- 
lum of his 40-feet reflector, without the interposition d* any 
lens or mirror, he perceived distinctly one oi ihe satellkes 
of Saturn, which requires the application of a considerable 
power to be seen by an ordinary telescope. Such an instru- 
ment is one of the most simple forms <ii a telescope, and 
would exhibit a brilliant and interesting view ci the moon, or 
of terrestrial objects. 

PRICES OF RBFLKCTINO TELESCOPES. 

1. Prices as stated by Messrs. W. and S. Jones, Holbom, 
Lond<». 

£ t. 

A 4 feet, 7 inch aperture, Gregorian reflector, with the Tertical 
motions upon a new invented principle, as well as apparatus to 
render the tube more steady for observation, accoraing to the 
additional apparatus of small speculums, eyepieces, microme te rs, 

&c., from 80 to 120 

3 feet lonff, mounted on a plain brass stand 83 2 

Ditto with rack- work motions, improved mountinfs and metals 39 18 
2 feet long, without rack- work, and with 4 magni^ng powers, 

improved .' 1M5 

Ditto improved, with rack- work motions 23 1 

18 inch, on a plain stand •• 9 9 

12inchditto • 6 6 

2. Prices as stated by Messrs. TuUey, Islington. 

£ i, 

1 foot Gregorian reflector, on piUar and claw stand, metal 2h 
inches diameter, packed in a mahogany box 6 6 

U foot ditto, on pillar and claw stand, metal 3 inches diameter, 

packed in a mahogany box 11 11 

2 feet ditto, metal 4 inches diameter 16 16 

Ditto with rack- work motions 25 4 

3 feet ditto, metal 5 inches diameter, rack- work motions 42 ' 

4 feet ditto, metal 7 inches diameter, on a tripod stand with 
centre of ^vity motion 105 

6 feet ditto, metal 9 inches diameter 210 , 

7 feet Newtonian^ 6 inches aperture '. 105 

12 feet ditto, metal 12 inches diameter 525 

3. Prices as stated by Mr. G. DoUond, St. Paul's Church- 
yard. 

£ f. 

Reflecting telescopes 14 inches long, in a mahogany box • * . « . 9 9 

Ditto 18 inches 12 18 

Ditto 2 feet 18 18 

Ditto with 4 diflerent powers, and rack- work stand supporting 

he telescope in the centre of gravity 36 15 

Ditto 3 feet, with ditto... •« 50 



4. Prices of single sp^ctdttms^nd reflecting telescopes, as 
made by Mr. Grub, Cluurlemont Bridge-works, Dublin. 
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ON THE EYEPIECES OF TELESCOPES. 

/Akhoi:^h the perfcnrmaace of telescopes ebidly ddpsiurip 
^ ^ goodness d[ the ol^ject-gJass, or the objeet*speoiiliiai isf 
^ instrument, yet it is of considerable imporUmce, in lontor 
to distinct vision, «nd to obtain a ki^ and unilbrmly diafirnot 
field 9f view, that the ^^tece be properly i^enstmcM. ISi^ 
dii^rentkmds of eyei^eces may be snmised into twio-tmuail 
divisions, «4«tffon(imtc«/ and Terrt^ritd. 

.1. AUf(mMmicd Ewpke^^^Tbe mest-aimi^tfttlroiioiiu- 
^ eye^isoe jis that which consists )of e aing^ acnyttsJeoa.; 
^ when idle iocal :di8ttinQe :<^ thia ileBs, land Ihat ^f the 
'O^eotfglasa irf Ihe inaii!iniient,.isiU}CMmtalyiaaeevtamBd,ih0 
^ ' y<fl f^1K)wwrTmiy he mcely:jfeteania^ 
Im kngih of the ohjeet^ns %^^!of the ?eyM;hiBi ; hnt 
^ !the pencil :tf wihile ligbt -traodnutled fay ijbe ol^ot^i^ 
^he divided h^ ^ eyjeglass into ils ^ompowau ^dmn, 
^ object wiH appear .bordered wUb. leased irin^eatiaBtl 
w disti]i«toefl8 of mmm -conaeijisentfy if^md ; fatsite, the 
-^^^oal /aheriMion, ivv^en ^ 'emgh lens is naefl, is onttsb 
ffettftr than^hen 'two xartn^pejglasaaa Mjeenqafayed : hoMie 
<*>'*>!OBomtcfll eyepieoea ase ^luxw formed by^a condbinadGtoiif 
«t least two Ja»Bes. 

J'be cotnhhwtam itf leoees nowjgeMstaUymsid ^finr raatca- 
^g^^l pvrposes is thatwUoh :» «auiBd^^deiib4»iniNhed 40 
^^gmian ^ytpfkce^beiTitig hema ^fiist pp apoa od b^ ihrinb- 
°<*^ HttgrgtBs ras a great impcoremdataii'tfao ^smgls inv 
'^JF^pieoe. The foUow3i^:figUfe (73) Mprsaavtsii ai^^ 
^ eyepiece : I^et A B he a «omfMHiiided jpencil of fwUls 
^^t proceeding frtnn the obfectiglaaa; £ F.a.ahfiosra»nBic 
^*l^><^lM»^pdlh;}ia^)h^ JOmjnd 
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in R, and the violet rays in V; but, meeting the eyeglass E, 
the red rays will be refracted to O, and the violet nearly in 
the same direction, when they will cross each other about the 
point O in the axis, and unite. The distance of the two 
glas&es F £, to produce this correction, when made of crown 
glass, must be equal to half the som of their focal distances 
neariv : for example, suppose the focal distance of the iai^^est, 
or field-lens, to be three inches, and the focal distance of the 
lens next the eye one inch, the two lenses should be placed 
exactly at the distance o[ two inches ; the sum of their focal 
length being four, the half of which is two. In other words, 
the gbss next the eye should be placed as much within the 
focus of the field-glass as is equal to its own focal distance. 
The focal length of a single lens that has the same magnify- 
ing power as this compound eyepiece, is equal to twice the 
product of the focal lengths of the two lenses divided by the 
sum of the same numbers ; or, it is equal to half the focal 
length of the field-glass. Thus, in reference to the pre^ding 
example, twice the {nroduct of the focal length of the two 
lenses is equal to six, and their sum is four. The former 
number divided by the latter produces a quotient of IJ, 
which is the focal lenfi;th of a single lens, which would pro- 
duce the same magnifying power as the eyepiece ; and H is 
just half the focal length of the field-glass. The proportion 
of the focal lengths of the two lenses to each other, according 
to Huygens, should be as three to one ; that is, if the field- 
gkss be 4i inches, the eyeglass should be 1^, and this is this 
fHTopcvtion most generally i^opted; but smne opticians ha^e 
recommended that the prc^xirtions should be as three to two. 
Boacovich. recommended two simihur lenses ; and in this case 
the distance between them was equal to half the sum of theff 
focal distances, as in the Huygenian' eyepiece 

The image is formed at I M,~at the focal distance of the 
am next the ^e, and at the same disCanee ittm the fi^ 
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. glass. When distinct vision is the principal object ci pn 
' achromatic telescope, the two lenses are usually both plano- 
convex, and fixed with their curved faces towards the object- 
glass, as in the figure. Sometimes, however, they consist 
oi what is called crossed lenses, that is, lenses g^und on one 
side to a short focus, and on the other side to a pretty long 
focus, the sides with the deepest Curves being turned towarcb 
the object-glass. A diaphragm, or aperture of a proper dia^- 
meter, is placed at the focus of the eye-lens, where the image 
formed by the object^lass falls, for the purpose of cutting 
off the extreme rays of the field -lens, and rendering every 
; pait of the field of view equally distinct. This is okewise 
; the form of the eyepiece generally applied to Gregorian re- 
flectors. In short, when accurately constructed, it is appli- 
caWe to telescopes of every description. This eyepiece, 
. having the image viewed by the eye behind the inner lens, 
18 generally called the negcUive eyepiece, and is that which 
. the optical-instrument njakers usudly supply, (rf three or 
four difilerent sizes, for so many magnifying powers, to be 
, applied to difierent celestial objects, according to their nature, 
< or the state of the atmosphere in which they are used. 

t Eispfisden^s Eyepiece, — ^There is another modification of 
kmses, known by the name of the Positive^ or R^sden's 
Eyepiece, which is much used in transit instruments, and 
telescopes which are furnished with mjcrcmieters, and which 
afib'ds ^ually good vision as the other eyepiece. In this 
Cttistruction the lenses are plano-convex, and nearly of the 
ame focus, but are placed at a distance from each other less 
lilftn the focal distance of the glass next the eye, so that the 
dhage of the object viewed is beyond both the lenses when 
measuring from the eye. The flat faces of the two lenses 
a& turned into contrary directions in this eyepiece, one facing 
tte object-glass, and the other the eye of the observer ; and 
SEB the image formed at the focus of the object-^lass lies par- 
alfel to the flat face of the contiguous lens, every part of the 
field of view is distinct at the same adjustment, or, as opti- 
cians say, there is a JkU field, which, without a diaphragm, 
prevents distortion ci the object. This eyejMece is represented 
m fig. 74, where A B and C D are two plano-convex lenses, 
with their convex sides inward. They have nearly the same ^ 
focal length, and are placed at a distance from each other 
equal to about two-thirds of the focal length of either. The 
focal length of an equivalent single lens is equal to three- 
fourths the focal length of either lens, supposing them to have 
eqoal focal distances. This eyepiece is generally applied 
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vtam wims of ap^efa Iio»s aM used ift tile osmmanfovrnk 
•l^tii9 9Moe^C0Blaiiwg tbe iBHseftcan W tfili«» eat witficnifc 
dirtiMihiilgthg lilies, aod ia adjottteble for diadtiotTiwIocr;;. aadr 
iri^ate^^es may be the meatofe of an^ object given b^ tkm 
vii^ mieremeteor at the solap foeusi it ia not altered- b)r • 
obaiy oC tb» magnifying pcMrer when a teooiid eyepieeer of 
tbifrconaiffuciiaa i» suWitttted. 

i/i6#rraltOf» of XeiMai*— In ocwMelion with the atoveder 
apriRlUoQf, the. following statemeate refreaenting^ the-ephmcafc 
•beoDi^ioA of lenses may not be iaapfnropnatei Mil JduC' 
I>)lM,».alette« toMf. Shortv rcrtMuto^ that " tha- ah i iga 
tion in ^ 9Jm^]» leaa-ie aa^t^ oube of the mfnieted angi&;:bi|t 
if tha^ieftfiB^oabe'Oaiiaad by two lensea* thesan^of tfao<£Upbe8 
QlS eaah-hsdjf will bet at quarter of tho refiaeled angla» tfrice^tbtf 
duhe oi one being, a-^arter of the oube of two. So thieU 
tinea. tl>» ou.be. of one i» only 09ie4WnM of the cub» of three^-' 
&xk Hence the indiatiactneaa. of the boideia of the field oC 
view-qf ar telaaeoge is dinuniahed by iBoreaaiBg^ the niHiiber 
of lenaeaiin bj^ eyepiece. Sir J. Herachel has ahownlfaat if 
two plano-convex lenBes ase put together as in fig. 76, the? 
ahesration will be only 0^2481, oar one^&urth of that, of a* 
single lens in its best form. The focal length of the fiist of 
these lenses must be to that of the second a» 1 to 3.3. If 
their focal lengths are equals the aberrati<m will be 0^603, or 
nearly one-half. The apherieal abenation* however* may be 
mtkdy deatrayed by cosBoAnomg, a meaiacue atnd double amr 
/es^-lensv as shown is fig. 76» the convex sides beio|( tiiraed 
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to the eye when they are used as lenses, and to parallel rays 
when they are used as huming glasses. Sir J. Herschel hem 
cmnpiited the following curTatures for such lenses : 

Focal length of the convex Une •4-10.000 

Radius <H its firtt sur^K^....* • » • -f" 5*833 

Radius of its second sur&ce> < —35.000 

Focal length of the meniscus • 4*17.829 

Radius of its fiist surface • • --* 3.688 

Radius of its second sur&ce ^- 6.294 

FooBil length of the compound lens.... % -}- 6.407- 

On the general prineipjbs above stated, a good astronomicid 
eyepiece, may be easily constructed with two proper lenses^ 
either according to the plan of Huygens or that of Ramsden ( 
dnd, from what has been now statc^d, it is demonstrably cer- 
tain that, in all cases where two glasses are propertjr com- 
bined, such an eyepiece is superior to a single lens both in 
p(Hnt of distinctness and of the enlargement of the field of 
View. I lately fitted up an eyepiece, on Ramsden's prin- 
ciple, with two lenses, each about three inches focal leng^ 
and Ifths of an inch in diameter, placed at half an inch dis* 
tant, with their convex surface facing each other# as in fig. 74# 
which forms an excellent eyepiece for an achr(Hnatic tele- 
scope six feet eight inches focal distance and four inches 
aperture, particularly for viewing clusters of stars, the Milky 
Way, and the large nebul®. The field of view is large, the 
nmgnifying power is only between 60 and 60 times, and the 
(Jtianttty of light being so great, every celestial object appears 
with great brilhancy, and it is, in general, much more pre- 
ferable, when applied to the stars, than any of the higher 
powers. When applied to Prsssepe in Cancer, it exhibits 
that group at one view, as consisting of nearly 100 stars,* 
which exhibit a beautiful and most striking appearance. 

It may appear a curious circumstance that any eyepiece 
which is good with a short telescope is also good with a long^ 
one, but that the reverse is not true ; for it is found to be more 
difficult to make a good eyepiece for a short than for a kwig 
focal distance of the object-glass. 

Celestial eyepieces are sometimes Cimstructed so as to j^o- 
duce variable powers. This is efiected by giving a moti<Hi 
to the lens next the eye, so as to remove it nearer to or farther 
from the field-lens ; for at every difierent distance at which 
it is placed from the other lens, the magnifying power will 
either be increased or diminished. The greatest power 'is 
when the two lenses are nearly in cmitact, and the power 
diminishes in proportion to the distance at which the glass 
next the eye is removed frcwn the other* The scale of disr 
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fm u\ hw m g w ^ t betwvBh tin two hnam emiackf W p^f^ 
Attn the fbcal distance oi tbe fieht or ittsep p^lass ; foi» if it 
were, the letteoewcndd no loi^fev fonn aneyepeee^ butweoU 
to oh^nged into an inrerting openk^kss. For efibc^Bg, die 
jmtpcmb now stated, the eyegkss is fixed in a tube^wlM 
Sides upon an interior tiiDe, on i^rhich is masked it^wide of 
disianees corresponding to certaia niagnifying powers ; s&d 
in thir way vt e3repiece may be made to ma|fiiify afaoiat 
d'ouble the niimbet of times when the lenses' am in one poBi- 
tievdian y^en ^ey are in anotlMr ; as, for fmnnpte, all the 
]^fi#eis fh)m SO to 78 times may be thus applied, merely bjF 
legtthting^ the distance between the two leaser. When^ the 
Aisles aie¥«jed in this mamisr^ the eyepteoe<beoenM»SQaM* 
tttIMB » posUivB eyepiece, like Banadenfs^ and sovxetimes: s 
fleMiye one, like that of Huygens. 

JHmgomi £jMiitat.'^The eyeineees txrwhiofai^a hsre 
mm ddyeited, Wnen adapted to Tefitacting teleacopes,. both 
l ewii ss ttd iffyertthe objectvaid thepefasearenotfadaubtcri 
fti^shoi#ingteFiestnal objects in th^r natural fiositsoii; but 
gs-tke heavesly bodies are of a spherical form, t&is drcua- 
Slttibe detvacte nothing from their utility. Whea Ule c^ss* 
Hal obiect, howerer, is at a high akitude^. the^ obs^i^r ia 
dMl^ed to i^aee bis head in a very inconvendettt pesitien^sBd 
lfe»*dkect h w eye nearfy upward ; in whtek poeitioii he cmMt 
MaaiiB long at easei^ or observe with a steady ^^ To 
iHtt e dy this inooi^Tenienee, the diagonal eyepiece has b^^e 
isrriinied, whidi admits of the eye being apph'ed e^ t&e side, 
mtBt the' upper part of the ey^iece, tn^ead d* the^od^; ani 
when such an eyepiece is used, it is of no importance ia 
Utet^ direction the telescope is elevatedi ae the obseryer can 
then ehher sit or stand ereet, anid look down upon the dbjget 
H^til th^ utmost ease. This object is effected by placing a 
ttX- pieoei of pushed speculum-metal at an angle of 4& d^* 
I p^ oes in respect to the two lenses of the eyepiece, which 
iters' the direction of the conyeiging rays^ and fortns aH 
image which becomes erect with respect, to altitodei but k 
rerersed with respect to azimuth; that is, in ether words, 
Wiies we look down upon the objecft in the fidd of i^w, the^T 
il^)peap efe^ ; but that part of an object which is in reality od^ 
<M» right hand, appears on gox kit ; and if it be in moti^ 
ilHB^^iparent is opposite to ita real moti<MM if i^ be moviog 
Ww^&s- t^e west, it will se«n to move towards the east. 

There are threes situetionsr in which the dkgomd reflect(Mr 
il^^s eyepiece- may !» pkced. It may be placed eitb^, 
h ^Bkk^i^ e^pa^^iece^ oiv. 2, behindit^ oe,. d^.beiweflsi the twa 
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l&osmof wMcli the eyepiece eonsists. The most common 
poftitumi of the reflector is between the lenses ; and this may 
Dfr done hoth in the negative and the positive eyepieces ; but 
aS' the cbstaaice between the two lenses -is necessarily con- 
tfidMi^de to make room for the diagonal position of the re- 
floctof, Ui0i magnifying power cannot be great; otherwise a 
diagonal ^epiece of thu construction remains always in ad« 
juBtetieaity and is useful in all cases where a high power is not 
fsq^ired. The following is: a description and representation 
ei-u diagpnid eyepiece of this kind in my possession. 

FigtmTV. 




In. fig. 77, A B represents the plano-convex lens next the 
CPJbject, which is about two inches in focal length, and three^ 
IbuTtha of an inch in diameter ; C D, a plain metallic specu- 
Uun of an oval&rm, well polished, and placed at half a^ right 
angle to the axis of the tube ; and E F anoth^^ plano-convex 
ki^i about H inch focal distance. The centre of the specu- 
tem is about Uth of an inch from the lens A B, and about 
Half or one-third of an inch from E F f so that this eyepiece 
k a peHtive one, on the principle proposed by Bamsdcn. 
The rays proceeding from the lens A B, and falling upon the 
speculum, are reflected in a perpendicular direction lo the 
tens E F, where they enter the eye at G^ w^hich looks do^yn 
upon the object through the side of the tube. The real size 
of this eyepiece is much about the same as that represented 
in the figure. When applied to an achromatic telescope of 
44^ inches focal distance, it produces a magnifying power of 
36 times, and exhibits a very beautiful view of the whole of 
the full moon. It fikewise presents a very pleasing prospect 
of terrestrial objects, which appear as if situated immediately 
beldw us. 

Another plan of the diagonal eyepiece is represented in 
fig. 78, where the speculiun is fixed unihin the sliding tube 
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which receires the eyepiece, or im- 
mediately bek>w it. The part <^ 
the tuhe at A B slides into the tube 
of the telescope, C D is the specu- 
lum placed at half a right angle to 
the axis of the tube, and £ F the 
tube containing the lenses, which 
standa at nght angles to the posi- 
tion of the telescope, and slides into 
an exterior tube, and the eye is ap- 
C B plied at Q. This construction of 

the diagonal eyepiece may be used with any eyepiece what- 
ever, whether the Huygenian or that of I&msden. It will 
admit of any magnifyine^ power, and if several difierent eye- 
pieces be fitted to the sliding tube, they may be changed at 
pleasure. This form of the diagonal e3Fepiece I therefore 
consider as the best and the most convenient constructicm, 
although it is not commonly adopted by c^cians. 

When any of these eyepieces are applied to a telescope, 
with the lens £ on the upper part of it, we look down upon 
the object, if it be a terrestrial one, as if it were under our 
feet. If we turn the eyepiece round in its socket a quarter 
of a circle towards the left, an object directly before us in the 
south will appear as if it were in the iret/, and turned upside 
down. If, from this position, it is turned round a semicircle 
towards the right, and the eye applied, the same object will 
appear as if it were situated in the east, and inverted ; and if 
it be turned round another quadrant, till it be directly oppo- 
site to its first position, and the eye applied irom below, the 
object or landscape will appear as if suspended in the at- 
mosphere above us. This eyepiece, therefore, is capable of 
exhibiting objects in a ^eat variety of aspects, and the use 
of it is both pleasant and easy for the observer. But there is 
a considerable loss of light, occasioned by the reflection from 
the speculum, which is sensibly felt when very high powers 
are applied ; and therefore, when very small stars are to be 
observed, such as some of those connected with double or 
triple stars, the observer should not study his own ease so 
much as the quantity of light he can retain with a high 
power, which object is best attained with an ordinary eye- 
piece and a telescope of large aperture. 

We have said that a diagonal eyepiece may be constructed 
with a reflector before the eyepiece. In this case, the spe- 
culum is sometimes made to slide before the eye at the 
requisite angle of reclination, in which application sach eye- 
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pnaeer mB8l neeeaenmly have a gfoeve to reesiTa it, and tbe 
ejre most be applied' wiihout a hole to direct it, but it maybe 
put (Bi and taken c^ without disturbing the adjustment- for 
distmct vision, and is very simple in its application. But, ob> 
tbe whole, the fonn representai in fig^ 7S is the most e<mve» 
Biettt, and should generally be preferred, as any common 
astnmcnnical eyepiece can be applied to it. I have used a 
diagonal eyepiece of this kind with good effect when a power 
of 180 has been applied to the sun and other celestial objects. 
Instead of a metallic speculum, a rettangular prUm of 

Class is sometimes substituted ; for the rays 5" light are then 
snt by xeflectioa from the second polished surface^ which 
ought to be dry^ and undergo two refractions, which achro- 
ifi»dze them ; and the same efiect is thus produced as by 
peOahed metal. Ramsden sometimes gave one of the polished' 
fiuses of a right-angled prism a curve, which prism served' 
fl»lead c^ a lens in an eyepiece, and also performed the oiHce^ 
<tf a reflectoic- A semi-glebe, or what has been called a bulFar 
eye, ba» also been used as a diagonal' eyepiece, and when the- 
curtre i»w^ll fbrmed^ and the glass good, it is achromatic, and 
is sftid to perform pretty well, but it is not superior to the^ 
&n^ already described. 

SECT. II. — ^TERRESTRIAL ETEPIECESw 

When describing die commcHirelhicting telescope, (p. 168,) 
I have noticed th^ three eyeglasses, placed at double their 
focal distances fr(»n each other, formerly constituted the 
terrestrial eyepiece, as represented in fig. 47. But this con- 
struction, especially for achromatic instruments, has now be- 
come obsolete, and is never used except in small pocket spy- 
glassea formed with a single object-lens. In its place a four- 
giassed eyepiece has been substituted, which is now univer- 
sally used in all good telescopes, and which, besides improv- 
ing the vision and producing an erect position of the images 
of objects, presents a considerably larger field of view. Ekir- 
ing the progressive stages of improvement made in the con- 
gtruction of «fect eyepieces by Dollond and Ramsden, thr6e, 
^r, and five lenses were successively introduced ; and, hence, 
in soma of the (dd telescopes constructed by these artists, we 
frequently find ^ve lenses of different descriptions composing 
the eyepiece. But four lenses,, armnged in the manner I am 
now about to describe,, have ultimatdy obtained the prefer- 
ence. In a telescope having a celestial eyepiece of the Huy 
flssniaa form, the image that is formed in the focus (d xia» ob 
j6Cl-|^iMi iB tiait whidtirveeii magmfied, and in an inverted^ 
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position ; but wben a four-riassed eyepiece is used, \dl»ek 
produces an erect view of the object, the image is repeated, 
and .the iecond image, which is formed by the inner pair c^ 
lenses, A B, on an enlarged scale, is that which the pair of 
lenses, C D, at the eye-end render visible cm a scale still moro 
enlarged. The modem terrestrial eyepiece, represented in 

Wigun 79. 

-i — if -<i "7°' 

fig. 79, is, in fact, nothing else than a cc»npound microscc^^e, 
consisting of an object-lens, an ampltfying-lens, and an eye- 
piece composed of a pair of lenses on the principle of the 
Huygenian eyepiece. Its properties will be best understood 
by considering the first image of an object, which is f(»med 
in the focus of the object-glass, as a small luminous object to 
be rendered visible, in a magnified state, by a compound 
microscope. The object to be magnified may be considered 
as placed near the pmnt A, and the manned imace at i, 
which is viewed by the lens D. Hence, if we look mrbiigh 
such an eyepiece at a small object placed very near the lens 
A, we shall find that it acts as a compound microscope of a 
moderate magnifying power, increasing, in some cases, the 
diameter of the object about 10 times, and 100 times in sur- 
face. 

In order to distinguish the different lenses in this eyepiece, 
we may call the lens A, which is next to the first image, the 
objeciJens ; the next to it, B, the ampHfying4en8 ; the third, 
or C, ihe field-lens ; and the one next the eye, D, the eye-lens. 
The first image, formed a little before A, may be denomi- 
nated the radiant, or the object from which the rays proceed. 
Now it is well known as a principle in optics, that if the ra- 
diant be brought nearer to the lens thkn its principal focus, 
the emerging rays will diverge, and, on the contrary, if the 
radiant be put farther from the lens than its principal focal 
distance, the emerging rays will converge to a point at a dis- 
tance beyond the lens, which will depend on the distance of 
the radiant from the first face of the lens. In this place an 
image of the radiant will be formed by the concurrence of the 
converging rays, but in a contrary position ; and the length 
of the image will exceed the length of the radiant in the same 
proportion, as the distance of the image from, the radiant ex- 
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eeeds that ef th^ radiant fiom the lens. This secondary 
image of the radiant at i is not well defined when, only wie 
kns, as A, is used, owing to the great spherical aberrations, 
and therefore the amplifying lens is placed at the distance of 
the shorter conjugate ^us, with an intervening diaphragm 
of a small diameter at the place of the principal focus ; the 
uses of whkh . lens and diaphragm are, first, to cut ofi* the 
coloured rays that are occasioned by the dispersive property 
of the object-lens, and, secondly, to bring the rays to a shorter 
conjugate focus for the place rtf the image than would have 
taken place with a single lens having only one refraction. As 
the secondary image is in this way much better defined and 
free from coloration, the addition of this second lens is a great 
improvement to vision. For this reaison, I am clearly of opi- 
nion that the object-glass of a c(nnpound microscope, instead 
of consisting of a small single lens, should be formed of two 
lenses on the principle now stated, which would unquestiona- 
My add to the distinctness of vision. 

With respect to the proportion$ of the focal lengths of the 
lenses in this four-glass eyepiece, Mr. Coddington states, that 
if the focal lengths, reckoning frcrni A to D, fig. 79, be as the 
numbers 3, 4, 4, and 3, and the distances between them on 
the same scale, 4, 6, and 5, 2, the radii, reckoning from the 
outer surface of A, should be thus : 

A I First surface " 27 ) „«„^i„ «u«^ ^ 
: Second surface ' 1 } °®"*^ plano-convex. 

B " ' 



C 
D 



First surface 9 i „ «,«„,-„«„« 

Second surface il ^ ^^eniacus. 

|S>XurfLe 21 5 "^^^^ plano-convex. 

First surface 1 I j^„i,i„ ««„„^» 

Second surface 24 J ^^^^^^ ^°"^^^- 



Sir D. Brewster states that a good achromatic eyepiece 
may be made of four lenses, if their focal lengths, reckoning 
frwn that next the object, be as the numbers 14, 21, 27, 32 ; 
their distances, 23; M, 40 ; their apertures, 5.6, 3.4, 13.5, 
2.6 ; and the aperture of the diaphragm placed in the interiof 
focus of the fourth eyeglass, 7. Another proportion may be 
stated : Siippose the lens next the object, A, to be Ifths of 
an inch focal length, then B may be 2J inches ; C, 2 inches ; 
and D, 1| ; and their distances, A B, 2i ; BO, 3f ths ; and 
C D, 2|ths. In one d* Ramsden's small telescopes, whose 
object*glass. was 8^ inches in focal length, and its magnifying 
power 15.4, the focal lengths of the eyeglasses were A, 0.775 
<rf an inch ; B, 1.025 ; C 1.01 ; D, 0.70 ; the distances, A B 
1.18 ; B 0, 1.83 ; and D, 1.105. In the excellent achro- 
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malic tflleiocfe of Doll0nd*8 c uuaUueliun wliidi %i(luugf<Jlo 
the Due de Chaubet* the foeal lengths of the eyeglaeMft^ %«• 
gixuUBg with that aext the lobject, trere 14^ Hues, tO^mi, 
14; their dittancea, SSU8 ynca, 46.17, iei.45; «dl tMr 
thickaoaa at the oMiibre, IM Uooa, l.W, 1«^. The fcoHh 
lena waa plaao-oeai^ex* widi Ihe phme «i4e to the ey^y and 
the rest were double eonrex leneas. This taiaseapeivvMB^ 
£xal length three feet &ve asd a half inchca. 

The magnifying pewer of this e3Fepieoe,« sandfytMiie, 
difien only in « amall ddgree j&em what vronkl he ym^ a o ^ d 
by using the first or the fourth glass aloae, in-vdiioh ^amtihe 
magnifyiDg power would he/somewhat greater, bat-^'^iakb 
less distinct ; aad were the lens next the 03re n s e dia toB P wilii- 
out the field-glass, the field of view would he much ocntiaGlnl. 
Stops should be placed between the lenses A and B, aear ao 
B, and a larger one between C and D, to prevent any^febe 
light from passing through the lenses to the eye. The »tite 
stops that are introduced into a telescope— wnich ahoidd all 
be bliEu:kened — provi^d they do not hinder the peacQs of 
light proc^pding from the object, the better will the snatm- 
ment perfonn. 

For the information of amateur constmetors of tefaaoopoi, 
I shall here state the dimensions of two or three fcuT«^kMd 
eyepieces in my possession, which perform with great dialinct- 
ness, and present a pretty large field of view. In one of these, 
adapted to a 44i inch achromatic, the lens. A, next the ob- 
ject, is Ifths of an inch focal length and about one inch in 
diameter, with the plane side next the otject. The focal 
length of the lens B, 2^h inches, diameter -^ths <>( an inch, 
with its plane side next A ; distance of these lenses ftom 
each other, 2y^th inches ; distance of the field^lens C from 
the lens B, 6i inches. The small hole or diaphragm between 
A and B is at the focus of A, and is about oMHstxth cif an 
inch in diameter, and about thi^e^i^iths of an inch firam tlw 
lens B. The field-lens C is two inches focal length, «nd H 
-.of an inch in diameter, with its plane side nextthe eve* fhe 
lens next the eye, D, is xjne inch focal distance, half an ioA 
in diameter, and is distant from tlw field-glass l|thB<^ in 
inch, with its plane aide next the eye. The magnifrlag 
power of diis eyepiece is equivalent to that of a amgl^ leaa 
whose focal length is half an inch, and withthe Mi inch ob- 
ject^lass produces a power of about 00 times. The Joaa 
next the eye can be changed hit another of Ifths of ^m ineh 
focal length, which podufles a .power of 65, and the 4tii> 
^Jaaeas CD can ba «jiaQ|psd l)r ancAber^aat^^ « Jmiget ^feati 



ikkmce, which (wrfttoes a power of 45 times. The wb<de 
length of this eyepiece is 1 li inches. 

ik another eyepiece, cfccbpted to ft pocket achromatic, whose 
ci)|«ct-giass js nine inckes focdi leii^, the lens A is one inch 
ieeal lea^gl^ and half tuai inch m dmmeiter; the lens B, l|th 
ef on ja^nnii half mi inch in diameter ; iheir distance, 1^ 
inches.; the JbisC!, 1,ythof an inch ibccd length and five- 
eighths »f an ineh inroiainel^;; the eye-lens D, five-eighths 
xtwa. indh focal length-and diTee?eighths ef an inch in dia- 
rmefeer ; doRteaiQe hetween O and'D, lith ef an inch ; the dis- 
'tenoe hetween £;and C, lithe of en inch. The whole length 
!af ifaia^^iyepieee is 4i inches, and tte power is .nearly equal 
4o that of « single lens of Iwlf or i%!ths of an inch focal length, 
the ^magnifying power of the telescope hedng ahout 16 times. 
Jinother eyepiece efnmch larger dimt^wions has the lens A 
-of SI mches focal length and three-feinrths of an inch in dia- 
f&eter ; the Jens £, 2|th inches ^tisttnd five-eighths of an 
nwh in diameter, and their distance :2|th inches ; the lens C, 
2jd[i inches focus and lith of an inch in diameter: the lens 
I), Ifths of an inch focns J«id .three-fourths of an inch in 
diameter; distance from each other, S|th inches. The dis- 
tance hetween the lenses B and C is four inches. The mag- 
nifying power is eoual to that of* single lens 1 Jth of an indb 
fecal d^ance. When -applied to tin achromatic ohject-glass 
«Hc feet seven inches focal length, it produces a power of 
dbout 70 times. This eyepiece has a tnovable tube nine 
inches in length, in whieh tibe two lenses next the eye are 
contained, hy pulling out frSiich, arid consaquetrtly increasing 
the distance between the knses Bund C, the magnifying 
power may he increased to 100, 120, or 140, according to 
theliistance to which this movaWe tube is dmwn out. It 
has^lso a second and third set (A lenses, ccnreaponding to C 
«nd D, of a shorter focal ^distance, which produce higher 
magnifying powers on a principle to bealfeerward explained. 

Description ofanEy^iece, ^c, qf an old Dutch Achro* 
4natic Telescope. 

Abottt twenty or thiwy years ago, I purchased, in an opti- 
dffin^s shop m £dmburig^, a small achromatic tiei]e8c<:^>e, made 
In Amsterdam, which was supposed by Ae c^cian to nave 
•he^i constmcted prior to the invention of achwtfnatic tele- 
scopes J)y Mr. Dollond. It is mounted wholly of brass, and 
4a all its parts is a piece of beautiful and exquisite worianan«- 
ahip, and the utmost care seems to have been taken to have 
ttfl the glasses and ^phragms accurately adjusted. Tha 
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object-glass is a double achromatic, 6} inches ibcal di^axtce 
and one inch in diameter, but the clear aperture is only 
seven-eighths of an inch in diameter. It is perfectly achro- 
matic, and would bear a power oi 50 times if it had a suffi- 
cient quantity c( light. The f<^wing inscription is engraved 
on the tube adjacent to the object-glass : ^Jan van Styl m 
Zoon, Jnvenit et Fecii, AjMierdam^ Ao. 1760." AlUioogh 
Dollond exhibited the principle of an achromatic telescope 
eight or ten years before the aate here specified, yet it is not 
improbable that the artist whose name is here stated may not 
have heard of DoUond's invention, and that he was really, as 
he assumes, one of the inventors of the achroroatie telescc^e; 
for the invention of this telescope by Dollond was not verj 
generally known, except among philosophers and the London 
opticians, till a number of years after the date above stated. 
Euler, in his •♦ Letters to a German Princess," in which te^ 
scopes are particularly described, makes no mention of, nor 
the least allusion to, the invention of Dollond, though this 
was a subject which particularly engaged his attention. Now 
these letters were written in 1702, but were not published 
till 1770. When alluding to the defects in telescopes arising 
from the different refrangibility of the rays of li^t, in Letter 
43, and that they might possibly be rectified by means of 
different transparent substances, he says, " But neither theory 
nor practice have hitherto been carried to the degree of per- 
fection necessary to the execution of a structure which should 
remedy these defects." Mr. B. Martin, in his "Gentleman 
and littdy's Philosophy," published in 1781, alludes to the 
achromatic telescope, but speaks of it as if it were but very 
little, if at aU, superior to the common refracting telescope ; 
and therefore I think it highly probable that Jan van Deyl 
was really an inventor of an achromatic telescope before he 
had any notice of what Dollond and others had done in ths 
way some short time before. 

But my principal object in adverting to this telescope is to 
describe the structure of the eyepiece, which is a very fine 
one, and which is somewhat diflferent from the achromatic 
eyepiece above described. It consists of four glasses, two 
' combined next the eye, and two next the object. Each d 
these combinations forms an astronomical eyepiece nearly 
similar to the Huygenian. The lens A, next the object, 
fig. 80, is five-eighths of an inch focal distance, and y^ths d 
an inch in diameter; the lens B, three-eighths <^ an inch 
focus, and one-fifth of an inch in diameter, and the distanee 
between- them somewhat less than five-eightha of an inchi 
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FigwSfk 




the diameter of the aperture e about -j^^th of an inch. This 
C(»nbination forms an excellent astronomical eyepiece, with a 
large flat field, and its magnifying power is equivalent to that 
of a single lens five-eighths or six-eic^bths of an inch focal 
length. The lens C is half an inqh Focal length, and Aths 
of an inch in diameter ; the lens D a quarter of an inch focus, 
and about one-fifth of an inch in diameter; their distance 
about half an inch, or a small fraction more. The hole at d 
is about ij^th or j^^ik of an inch in diameter, and the distance 
between the lenses B and C about I5 inches. The whole 
length of the eyepiece is 3| inches-— exactly the sam€ size as 
represented in thi engraving. Its magnifying power is equal 
to that of a single lens one-fourth of an inch focal length ; cmd 
consequently the telescppe, though only 9 J inches long, mag- 
nifies twenty-six times with great distinctness, though there 
is a little deficiency of light when viewing land objects which 
are not well illuminated. 

The glasses of this telescope are all plano-convex, with 
their convex sides towards the object, except the lens D, 
which is double convex, but flattest on the side next the eye, 
and they are all. very accurately finished. The two lenses 
C and D form an astronomical eyepiece nearly similar to that 
formed by the lenses A and B. The focus of the telescope 
is adjusted by a screw, the threads of which are formed upon 
the outside of a tube into which the eyepiece slides. The 
eyepiece and apparatus connected with it is screwed into the 
inside of the main tube when not in use, when the instru- 
ment forms a compact brass cylinder ^x inches long, which 
is enclosed in a fish-skin case, lined with silk velvet, which 
opens with hinges. 

The lenses m the eyepieces formerly described, though 
stated to be plano-convexes, are, for the most part crossed 
glasses, that is, ground on tools of ^ long focus on the one 
side, and to a short focus on the other. The cohstruction of 
the eyepiece of the Dutch telescope above described is one 
which might bo adopted with a good eflfect in most of our 



achromatic telescopes ; and I an penoaded, from the appli- 
cation I have made of it to yaripus telescopes, that it is erea 
superior in distinctness and accuracy, and in the ftatne^m cf 
Md which it produces, to the eyepiece in common use. 
The two astronomical eyepieces of which it consists, whea 
applied to large achromatic telescopes, perfonn with great 
accuracy, and are excellently adapted for celestial ohsenra- 

tiODS. 

iCCT, IiI««-4>saOEimON OF THB PANCRATIC EYSTUBB;^ 

From what we hare stated when describing the eomnMm 
terrestrial eyepiece now applied to achnnnatic instraments^ 
(p. 250, ^. 79,) it appears obriotw that any tariety (rf mag- 
nifying powers, within certain limits, may be obtained ^ 
remonng the set of lenses C D, fig. T9, nearer ta or fkrther 
from the tube which contains the lense» A and B, on the 
same principle as the magnifying power of a compound 
microscone is increased by removing the eyegksees to a 
greater mstance from the object-lens. If, then, the pair of 
eye^'Ienses C D be attached to an inner tube that will dnw 
ont and increase their distance from the inner pair of lenses^ 
as the tube abed, the magnifying power may be indefinitely 
increased or diminished by puling in or drawing out m^ 
sliding tube, and a scale might be puiced on this tul^, Which, 
if divided into equal intervals, will be a scale of roagnifyiag 
powers, by which the power of the telescope will be seen at^ 
every division, when the lowest power is once detenadn^ 

Sir David Brewster, in his "Treatise on New PhiloeophieiJ' 
Instruments,'* book i., chap, vii., page 59, published in 1813^ 
has adverted to the circumstance in his description of axi 
"•Eyepiece Wire Micrometer," and complains of Mr. £zekiel 
WaJker having in the "Philosophical Magazine" for August, 
1811, described such an instrument as an inventioB of his 
own. Dr. Kitchener some years afterward described what 
he called a Pancratic or omnipotent eyepiece, and got one 
made by Dollond, with a few modifications difierent frcwi 
that suggested by Brewster and Walker, which were little 
else than cutting the single tube into several parts, and givii^ 
it the appearance of a new invention. In fiict, none of these 
gentlemen had a right to claim it as his peculiar invention, as 
the principle was known and recognised long bef(»re. I had 
mcreased the magnifying powers of telescopes on the same 
principle several years before any of these gentlemen com* 
municated their views on the subject, although I never forafr 
atiy constructed a scale of powersi Mt. B. Martin* who died 
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in 1782, proposed, many years before, such a movable inte- 
nor tube as that alluded to for yarying the magnifying power. 
In order to give the reader a more specific idea of this 
contrivance, I shall present him with a figure and description 
of one of Dr. Kitchener's pancratic eyepieces, copied from 
one lately in my possession. The following are the exact 
dimensions of this instrument, with the focal distances, &c^ 
of the glasses, ^., of which it is composed. 

la. TatlM. 
J^ngth of the whole eyepiece, consisting of 
fii.Si. four tubes, when fully drawn out, or the dis- 
tance from A to B, fig. 81 14 4 

Length of the three tabes on which the scale 
is engraved, from the commencement of the di- 
visions at B to their termination at C 9 15 

Each division into tens is equal to S-lOths of 
an inch.. 
When the three inner tubes are shut up. to C, 

the length of the eyepiece is exactly 5 5 

When these tubes are thus shut up, the mag- 
^^ nifying power for a 3* feet achromatic is 100 
q'^V times, which is the smallest power. When the 
^^ inner tube is drawn out one-third of an inch, or 
to the first division, the power is 110, &,c. 
Focal distance of the lens next the object. ... 1 

Breadth of ditto 65 

The plane side of this glass is next the object. 
Focal distance of the second glass from the 

object 1 5 

This glass is double and equally convex. 

Breadth 5 

Distance between these two glasses •.••...•.. 1 7 
Focal distance of the third or field lens, which 

is plane on the side next the eye 1 1 

Breadth of ditto 55 

' Focal distance of the lens next the eye 6 

Breadth 43 

. This glass is plane on the side next the eye. 

U^i^ Distance between the third and fourth glasses . 1 1 

From the figure and description, the reader will h^ at no 
loss to perceive how the magnifying power is ascertained by 
this eyepiece. If the lowest power for a 44^nch telescope be 
found to be 100 when the three sliding tubes are shut into 
the larger one, then by drawing out the tube next the eye- 
four divisions, a power of 140 is produced ; by drawing out 
the tube next the eye its whole length, and the second tube 
to the division marked 220, a power of 220 times is produced ; 
^d drawing out all the tubes to their utmost extent, as repre- 
sented in the figure, a power of 400 is obtained. These 
powers are by far too high for such a telescope, as the powers 
between 300 and 400 can seldom or never be used. Were 
the gcale to begin at 60 and terminate at 200, it would be 
22* 
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much better adapted to a ^ feet telescope. Ebdi al^ntiot 
of the magnifying^ power requires a new ac^ustment oi die 
eyepiece fbr distinct vision. As the magnifying power is inr 
creased, the distance between the eyeglass and the db^eol* 
glas» must be diminished. Dr. Kitchener sayti that «die 
pancratic eyetube gives a better defined image of a fiiied stuv 
and shows double stars decided^' more distinct and perfeetly 
separated,- than any other e^jretube, and that such tubes wiM 
probably enable us to determine the distances d these objects 
from each other in a more perfect manner than has been po^ 
sible heretofore/' These tubes are made by Dollond, London, 
and are sold for two guineas each ; but I do not^ think they 
excel in distinctness those which are ocoasionaUy made by 
Mr. Tulley uid other q)ticians. 



CHAPTER yi. 

MISCELLANEOUS REKARKS IN RELATION TO TBLESCOFB&. 

The following remarks* chiefly in regard to the manner of 
using teleseopes, may perhaps be useful te young ohaerren, 
who are not much, accustomed to the mode of managing these 
instruments, 

1. Adju9tmmt9 reqtti$ite to be at^mded to i$t the tm of 
teUecopee. — ^When near objects are viewed with a consider- 
abfe magnifying power, the eyetube requires to be removed 
farther from the object-glass than when very distant objects 
are contemplated. When the telescope is adjusted fbr an 
object 6, 8, or 10 miles distant, a very considerable alteration 
in the adjustment is requisite in order to see distinctly an 
object at the distance of two or three hundred yards, espe- 
cially if the instrument is furnished with a high magnifying 
power. In this last case, the eyetube requires to be drawn 
out to a considerable distance beyond the focus for parallel 
rays. I have found that, in a telescope which magnifies 70 
times, when adjusted for an object at the distance of two 
miles, the adjustment requires to be altered fully one inch in 
order to perceive distinctly an object at the distance of two 
or three hundred yrirds ; that is, the tube must be drawn, in 
this case, an inch farther from the object-glass, and pushed 
in the same extent, when we wish to view an object at the 
distance of two or three miles. These adjustments are made, 
in pocket perepectives, by gentJy sliding the eyetube in or 
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#at, hy giving it a gentle circular or spiral motion, till the 
object appear distinct. In using telescopes which are held 
in the hand, the best plan is to draw all the tubes out to their 
fioH* length, and then, looking at the object, with the left hand 
supporting the mam tube near the object-glass, and the right 
supporting the eyetubCj gently and gradually push in the 
eyepiece till (Sstinct vision be obtained. In Gregorian re- 
flbcting- telescopes this adjustment is made by mean* of a 
screw connected with the small l^>eGulum; and in large 
achromatics, by means^ of- a rack and pinion connected with 
the eyetube. When the magnifying power of a telescope is 
comparatively sms^, the eyetube requires to be altered only 
It very little. 

There is another adjustment requisite (o be attended to in 
order to adapt the teliescope to the eyes of different persons. 
Those whose eyes are too convex, or who are short-sighted, 
req^aire the eyetube to be pushed in, and those whose eyes 
are somewhat flattened, as old people, require the tube to be 
drawn out. Indeed, there are scarcely two persons whose 
eyes do not require diff^ent adjustments in a slight degree. 
In some cases I have found that the difference of adjustment* 
for two individujds, in order to produce distinct vision in each, 
amounted to nearly half an inch. Hence the difficulty of 
eidiibiting the sun, moon, and planets through telescopes, and 
even terrestrial objects, to a company of persons who are un- 
acquainted with the mode of using or adjusting such instru- 
ments, not one-half erf" whom generally see the object distinctly ; 
for upon the proper adjustment of a telescope to the eye, the 
accuracy of vision in all cases depends, and no one except the 
individual actually looking through the instrument can be 
certain that it is accurately adjusted to his eye ; and even 
the individual himself, from not being accustomed to the view 
of certain objects, may be uncertain whether or not the adjust- 
ment be correct. I have found by experience that when the 
magnifying^ powers -are high, as 1^ or 200, the differ^uQe of 
adjustment required for different eyes is very slight |. but 
when low powers are used, as 20?80, or 40, the difference of 
^ requisite adjustments is sometimes very considerable, 
amounting to a qiterter or half an inch. 

2. State rf thw^ttnosphere most proper for observing 
terrestrial and Celestial Object»,^^Th.e atmosphere which 
is thrown around the giobe, while it is essentially requisite 
tb the physical constitufion of our world, and the comfort of 
its inhabitants", is found in* mwiy instances a serious obstruo- 
ti<m to tlie accurate performance of telei^copes. Sometimes it 
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is obscured by mists and exhalations ; sometimes it is thrown 
into violent undulations by the heat of the sun and the pro- 
cess of evaporation ; and even, in certain cases, where there 
appears a pure unclouded azure, there is an agitation among 
its particles and the substances incorporated with them which 
prevents the telescope from producing distinct vision either 
of terrestrial or celestial objects. For viewing distant terres- 
trial objects, especially with high powers, the best time is 
early in the morning, a little aJfter sunrise, and from that 
period till about nine o'clock a. m. in simmier, and in the 
evening about two or three hours before sunset. Frcun about 
ten o'clock a. m. till four or five in the aftemomi, in sum- 
mer, if the sky be clear and the sun shining, there is ^ne- 
rally a considerable undulation in the atmosphere, occasioned 
by the solar rays and the rapid evaporation, which prevents 
high powers from being used with distinctness on any tele- 
scope, however excellent. The objects at such times, when 
powers of 50, 70, or 100 are applied, appear to undulate like 
the waves of the sea, and, notwithstanding every effort to 
^just the telescope, they appear ccmfused and indistinct. 
Even with very moderate magnifying powers this imperfec- 
tion is perceptible. In such circumstances, I have sometimes 
used a power of 200 times on distant land objects with good 
effect a Httle before sunset, when, in the forenoon of the same 
day, I could not have apphed a power of 60 with any degree 
of distinctness. On days when the air is clear and the atmo- 
sphere covered with clouds, terrestrial objects may be viewed 
with considerably high powers. When there has been a 
long-continued drought, the atmosphere is then in a very 
unfit state for enjoying distinct vision with high magnifying 
powers, on'account of the quantity of vapours with which the 
atmospherje is then surcharged, and the undulations they 
produce. But, after copious showers o€ rain, especially a 
accompanied with high winds, the air is purified, and distant 
objects appear with greater brilliancy and distinctness than at 
any other seasons. In using telescopes, the objects at which 
we look should, if possible, be nearly in a direction opposite 
to that of the sun. When they are viewed nearly in the 
direction of the sun, their shadows are turned towards us, 
and they consequently appear dim and obscure. By not 
attending to this circumstance, some persons, in trying tele- 
-icopes, have pronounced a good instrument to be imperfect, 
which, had it been tried on objects properly illuminated, 
would have been found to be excellent. In our variable 
northerly climate the atmosphere is not so clear and serene 
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f^iekmcGpio dbeeiratkni t» in Itely, the joaiU of France, and 
jn many of the countries which lie within the tropics. The 
nnioktions ci the air, owing to the causes alhided to above, 
oonstitule one of the principal reasms why a telescope mag- 
nifying above a hundred times can seldom be naed with any 
good effect in viewing terrestrial objects, though I have some* 
tones* used a power of nearly 20D with considerable distinct^ 
iiesB in thesmlness c^ a scunmer or autumnal evemng, when 
the mya of 1^ dedining sun strongly iUominaled distant 



The atmosphere is likewise frequently a great obstruction 
te the distinct perception d* c^/es^io/ objects. It is scarcely 
possible for one who has not been accustomed to astronomicaJ; 
obeervations-to form a conception o{ the very great difi^tence 
there is in the appearance of some of the heayeniy bodies^ ia 
difi^rent'i^tes ojf the atmosphere. There are certain condi- 
tions of the atHKMphere essentially requisite for making accu- 
rate observations with powerful telescopes, and it is but 
seldom, especially in our climate, that ail the favourable cir* 
ewDstnnces concur. The nights must be very clear and 
serene— 4he moon absent^-^io twilight— *no haziness— na 
violent wind— no sudden change of temperatOre, as from 
&ew to froet— and no surcharge oi the atmosphere with 
aqueous vapour. I have frequently found that, on. the first 
aaad second nights after a thaw, when a strong frost had set 
in, and when the heavens appeared very bnlliant, and the 
stars vivid and sparklii^, the planets, when viewed with 
Ingh powers^ appeared remaikably undefined and indistinct; 
their mfflrgins^ appeared waving and jagged ; and the belts of 
Jupiter, which at other times were remarkably distinct, were 
so obscured and ill defined tlurt they could with difficulty be 
teced. This was pr<>bab]y owing to the quantity of aqueous 
vapour, and perhap^ iey p^eles, then floating in the air, 
and to the undulations thereby produced* When a hard 
frost ha» continued a considerable time, this impediment to 
distinct obs^rtration is in a great measure removed. But I 
havie neves enji^ed more accurate and distinct views of the 
heavenly bodies than in fresh, serene evenings, when theio 
was no frost and no wind, and only a few fleecy clouds occa* 
.sionally hovering around. On such evenings, and on such 
alcme, the 'highest powers may be applied* I have used 
magnifying powers on such occasions with good efiect which 
coiud not have been applied, so as to ensure distinct vision, 
more frequently tlian two or three days in the course of a 
year. 
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Sir Willimm Henchei has obeenred, in refbreiice to thk 
point, **Iq beautiful nights, when the outside of our tele- 
seopes is dropfmig with moisture, discharged fircon the atmo> 
sphere, there are now and then favourable hown in which it 
is hardly possible to put a limit to the magnifying powers ; 
but such TaluaUe opportunities are extremely scarce, and 
with large instruments it will always be lost labour to obeerve 
at other times. In order, theref<Hre, to calculate how ieng a 
time it must take to sweep the hearens, as far as tjhey are 
. within the reach of my forty-feet telescope, charged with a 
magnifying power of 1000, I have had recourse to my 
jounials to find how many favourable hours we nmy annually 
nope for in this climate ; and, under all &Tourable circum- 
stances, it appears that a year which will afford ninety, or, 
at most, one hundred hottrSt is to be called very productive.'' 
'*In the equator, with my twenty-feet telescope, I have swept 
over zones of two degrees with a power of 157, but an allow- 
ance of ten minutes in polar distance must be made for lap- 
ping the sweeps over one another where they join. As the 
breadth of the zones may be increased towards the poles, the 
northern hemisphere may be swept in about 40 zones ; to 
these we must add 10 southern zones ; then 59 zones, which, 
on account of the sweeps lapping over cme another about five 
minutes of time in right ascension, we must reckon of 26 
hours each, will give 1475 hours ; and allowing 100 hours 
per year, we find that with the twenty-feet tdesoope the 
heavens may be swept in about fourteen years and three- 
quarters. Now the time of sweeping with diflferent magni- 
fying powers will be as the squares of the powers ; and put- 
ting p and i for the power and time in the twenty-feet tele- 
scope, and P«= loop for the power in the forty-feet instru- 
ment, we shall have p* : t : : P* : ^«= 59840. Then, making 
the same allowance for 100 hours per year, it appears that it 
will require not less than 598 j'^ears to look with the forty- 
feet reflector, charged with the above*mentioned power, only 
one single moment into each point of space ; and even then, 
so much of the southern hemisphere will remain unexplored 
as will take up 213 years more to examine."* 

From the above remarks of so eminent an observer, the 
reader will perceive how difficult it is to explore the heavens 
with minuteness and accuracy, and with how many disap- 
pointments, arising from the state of the atmosphere, the 
astronomer must lay his account, when employed in planetary 

* PhiIo8t>phicaI Transactions for 1800, vol. xc, p. 80, &.c. 
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or sidereal investigation. Besides the circumstances now 
stated, it ought to be noticed that a star or a planet is only in 
a situation for a high magnifying^ power about half the time 
il is above the horizon. The density of the atmosphere, ^nd 
the quantity of vapours with which it is charged near the 
liorizon, prevent distinct vision of celestial objects with hi^ 
powers till they have risen to at least 15 or 20 degrees in 
altitude, and the highest magnifiers can scarcely be applied 
with good effect unless the object is near the meridian, and 
at a ccmsiderable elevation, above the horizcni. If the moon 
be viewed a little afWr her rising, and afterward when she 
comes to her highest elevation in autumn, the difierence in 
her appeamnce and distinctness will be strikingly perceptible. 
It is impossible to guess whether a night be well adapted for 
celestial observations till we actually make the experiment, 
aiid instruments are frequently c(»idemned, when tried at 
improper seasons, when the atmosphere only is in fault. A 
certain observer remarks, " I have never seen the face of Sa- 
turn more, distinctly than in a night when the air has been 
so hazy that with my naked eye I could hardly discern a star 
of less than the third magnitude." The degree of the trans- 
parency of the air is likewise varying almost in the course 
ai every minute, so that even in the course of the same half 
hour planets and stars will appear perfectly defined, and the 
reverse. The vapours moving cuad umdulating the atmo- 
sphere, even when the sky appears clear to the naked eye, 
will in a few instants destroy the distinctness of vision, and 
in a few seconds more the object will resume its clear and 
well-defined asppct."* 

3. On the magnifying Powers requisite for observing the 
Phenomena of the different Planets^ Comets^ Double Stars, 
^.' — ^There are some objects connected with astronomy 
which cannot be perceived without having recourse to in- 
struments and to powers of great magnitude ; but it is a vul- 
gar error to imagine thtat very large and very expensive tele- 
scopes are absolutely necessary for viemng the greater part 
a[ the more interesting scenery o£ the heavens. Most of the 
phenomena of the planets, comets, double stars, and other ob- 

. * In using telescopes within doors, cure should generally be taken that 
there be no nres in the apartment where they are placed for observa- 
tion, and that the air within be nearly of the same temperature as the 
air of the sufrounding atmosphere ; for if the joom be filled with heated 
air, when the windows are opened there will be a current of cold air 
rushing in, and of heated air rushing out, which will produce such an 
ondulaUdn and tremulous motion as will prevent any celestial object fi-om 
being distinctly eeea 
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jcets, «re finUe with hittnimeiits of modente aig«pmong,y 
that every one who has a lehdiforceleatial inveatigfttioiia mi^ 
at a compaxatiTely small expenae, procaie a tdeso^ie for occa 
.sunal obsenratioiis whidi will sbcmr tba prmeipal objeots^am 

eeaoMeiia deacribedmhaaks an aatRnomy. Maatr peisaiis 
Tie bean naiaied hy Mme occasioaai mnarka wlikh£ir W. 
■Henohel inade« in vefeaence to eeitaim Teiy high f wi ms 
which he soaetknes pmt, by wm of caperiment, on aeaw af 
his teleacma, as if tiieae ware the powers vecpiske' for Taw- 
ing the objects- lo which he refen. For eiAaple, it as stated 
that he ence pot a power of 6460 tuw a a on hk aermii-faat 
Newtonian telescope of ^^th incfaea aperture; hnt tfaia waa 
only for ^e purpose of an experiment, imd could be ef no^em 
whaterer whoa apphed to the moon, the planets, ^xkd meet (4- 
jects in the hearens. Hersehd, through the whole eomse 
of hia writings, mentions his only buring need it Italcs, 
namely, on the stars « Lyre wad y Leonis, which stars- can 
be seen mote distinctly and sharply defined with a power <tf 
420. To produce a power <^ 0400 on such a telescope 
would require a leaoM of only ,^th of an inch in focal di^rtanoe; 
and it is Questioned by some whether Hersehel had lenses 
cf ao small a size in his possession, or whether it is posafMe 
to form them with accuracy. 

FawerM requitite for observ^ 4he Pkmomtna of tkt 
Planett.'^The planet Mercury requires a considerable magm^ 
fying power in order to perceive its phases widi distinctness. 
I have seldom viewed this planet with a less power than lOO 
and 160, with which powers Its half moon, its gibbous, audits 
crescent phase may be distinctly perceived. With a power 
of 40, GO, or even 60 times, these teases can with difficulty 
be seen, especially as it is generally at a low akitude when 
such observations are made. The phases of Feme^ are much 
more easily distinguished, especially the crtstmt phase, whidi 
is seen to the greatest advantage abou^a moirth he^sse end 
after the inferior conjunction. With arpower not exceeding 
25 or 80 times, this plmse, at such periods, may be easily 
perceived. It requires, however, much hig^r powers to 
perceive distinctly the variations of the gibb^s phase ; and 
if this planet be not viewed at a ccmsiderably high altitude 
when in a half-moon or gibbous phase, the obscurity and 
undulations of the atmosphere^near the horizon prevent such 
phases from being accurately distinguished, even when hi^ 
powers are apphed. Although certain phenomena c^ 4e 
planets may be seen with such low powers as I have now 
fttated, yet in every instance the highest magnifying 



^dftsistent with difitihetAdss )ihon\A be pfi^itld, a» the #3;^ 
IS uot then strained^ and the object appeals with a ^restcf 
degree of magnittid^ and spletkdimr* The pluiet JIferf vi« 
l^ttiires a eonsi^krable degrree 6f ii^agiiifyii^ poww, ettan wheH 
^ ittr near^ist di^aee fV6tn the earth, hi ctfdef td discern in 
spefes and its gibbons phase. I hare nerer ebtaiaed m mA* 
frctofy riew of th^ spots which maik the surface, and liieif 
k^ rektima position, with a less poWer than 190, IM, or MO 
Umes ; and eveti with such powers, persons^ not nraeb ii» 
^nistcmied to look through telescopes find a difficuhy tti iik* 
tif^ishing them* 

The strongest and most prominent b^9 ^fJupU^ niny he 
seen with a power of about 45, which power may be p«t 
upon a twent3r-inch achromatic or a one*foot reflector ; bttt % 
satisfaetory view of aQ the belts, and the relative posttioiii 
they occupy, cannot be obtained with much lower Myi«tt 
than 80, 103^ or 140. The most common positions of thes^ 
belts are, one dark and well-defined belt to the southjof Jupi* 
ter's equator; another of nearly the same description to tns 
north of it, and one aboirt his north and his south pc4ar civ^ 
eles. These p(^r belts sre much more &int, and, coat 
sequently, not so easily distinguished as the equatorial belts. 
The moo^s of this p^net, in a very clear night, may some^ 
times be seen with a pocket one-foot achromatic glass, ma|f* 
ttifyinff about 15 or 16 times. Some peopie have pa^ 
tended that they could see some of these satellites with their 
naked ^ye; but this is very doubtful, and it is probable thai 
Such persons mistook certain fixed stai^ which happened te 
be. near Jupiter for his satellites. But, in order to hane A 
dear and intetesfing viei^ of thesoi powers of at least 60 or 
iOO times should be used. In c»rder to perceive Iketr im^ 
mersions into the shadow of Jupiter, iind the exact moment , 
* of their emetsicms f^*om it, a telescope ttot less than a 44^1^ 
achromatic, with a power of ISO, Hhould b^ employed* 
When these satellites are vieip^d thmugh lar]ge teiesoopeft 
with high magnifying powers, they sppeair with well-defined 
disks, like small planets. The pknel Jupiter has gvnenJiy 
been considered as a good test by i^hich to try telesoopes for 
Celestial purposes. When it is near the ideridiah and at 4 
hig^ tdtitude, if its general sulrface, its behs, snd its mai^gw 
appear distinct and well defined, it forms a sttotig ptesamp 
tive evidence that the instrument is a good Que. 

The planet Saium fbrms one of the most interesiiRg ok 
jects for telescopic observation. The Hng of Sutuni 0147 hs 
SSM with t rydmt tf 4§; b«M il SMI mYf U f— ^^— ' 

Vol. IX. 28 
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with advantage when powers of 100, 160, and 200 are ap* 
* plied to a thiee ox a fire-feet achromatic. The belt8 of Sa- 
turn are not to be seen distinctly with an achromatic of ]e$s 
than ^itli inches apeiture, or a Greoorian reflector of less 
dian four inches aperture, nor with a less magnifying powei 
than 100 times. Sir W. Herschel has drawn this planet 
with fire behs across its disk ; but it is seldom that above one 
or two of them can be seen by moderate-sixed telescopes and 
common observers. The dwUian of the double ring, when 
the planet is in a fayourable position for observatico, and in a 
hiffh altitude, may sometimes be perceived with a 44-inch 
achromatic, with an aperture of 2 jth inches, and with powers 
of 160 or 180; but higher poweis and larger instruments are 
generally requisite to perceive this phenomenon distinctly ; 
and even when a portion of it is seen at the extremities of 
the mi89y the division cannot, in every case, be traced along 
the whole of the half-circumiereoce of the ring which is pre- 
sented to our eye. Mr. Hadley's enmving of Saturn, in the 
«« Philosophical Transactions" for 1723, though taken with 
a Newtonkn reflector with a power of 228, represents the 
division of the ring as seen only on the ansae or extremities 
of the elliptic figure in which the ring appears. The best 
period for observing this division is when the ring appears 
at its utmost width. In this position it was seen in 1840, 
and it will appear nearly in the same position in 1856« 
When the ring appears uke a very narrow ellipse a short 
time prions tp its disappearance, the division, or dark 
space between the rings, cannot be seen by ordinfury instru- 
ments. 

Sir W. Herschel very properly observes, " There is not, 
perhaps, another object in the heavens that presents us with 
such a variety of extraordinary phenomena as the planet 
Saturn: a magnific^(U globe, encompassed by a stupendous* 
double ring ; attended by seven satellites ; ornamented with 
equatorial belts ; compressed at the poles ; turning upon its 
axis ; mutually eclipsing its ring and satellites, and eclipsed 
by them ; the most distant of the rings also turning upon its 
axis, and the same taking place with the farthest of the satel- 
lites ; all the parts oi the system of Saturn occasionally reflect? 
ing light on each other ; the rin^ and moons illuminating 
the nights of the Satumian, the ^obe and satellites enlight- 
ening the dark parts of the ring ; and the planet and rings 
throwing back the sun's beams upon the mtions, when they 
are deprived of them at the time of their conjunctions. 
This illustrious astronomer states that with a new seven-feet 
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mirror of extraordinary distinctness he examined this planet^ 
and found that the ring* reflects more light than the body, and 
with a power of 570 the colour of the body becomes yellow- 
ish, while that of the ring remains r^tore white. On March 
11, 1780, he tried the powers of 222, 382, and 440, succes- 
sively, and found the light of Saturn less intense than that of 
the ring ; the colour of the body turning, with the high 
powers, to a kind of yellow white, while tlmt of the ring still 
remained white. 

Most of the satdlites of Saturn are difficult to be perceived 
with ordinary telescopes, excepting the fourth, which may be 
seen with powers of from 60 to 100 times. It was discovered 
by Huygens in 1655 bv means of a common refracting tele- 
scope 12 feet long, which might magnify about 70 times 
The next in brightness to this is the fifth satellite, which 
Cassini discovered in 1671 by means of a 17-feet refractor, 
which might carry a power of above 80 times. The third 
was discovered by the same astronomer in 1672 by a longer 
telescope ; ,and the first and second in 1684, by means of two 
excellent object-glasses of 100 and 186 feet, which might 
have magnified from 200 to 230 times. They were after- 
ward seen by two other glasses of 70 and 90 feet, made by 
Campani, and sent from 'Rome to the Royal Observatory at 
Paris by the king's order, after the discovery of the third and 
fifth satellites. It is asserted, however, that all those five 
satellites " were afterward seen with a telescope of 84 feet, 
with an aperture of S^^th inches, which would magnify 
about 120 times. These satellites, on the whole, except the 
fourth and fifth, are not easily detected. Dr. Dierham, who 
frequently viewed Saturn through Huygens's glass of 126 
feet focal length, declares, in the preface to his "Astro- 
Theology," that he could never perceive above three of the 
satellites. Sir W. Herschel observes that the visibility of 
these minute and extremely faint objects depends more on 
the penetrating than upT)n the magnifying power of our 
tfelescopes ; and that with a ten-feet Newtonian, charged with 
a magnifying power of only 60, he saw all the five old satel- 
lites ; but the sixth and seventh, which were discovered and 
were easily seen with his forty-feet telescope, and were also 
visible in his twenty-feet instrument, were not discernible in 
the seven or the ten-feet telescopes, though all that magnify^ 
ing power can do may be done as well with the seven-feet 
as with any larger instrument. Speaking erf the seventh 
satellite, he says, " Even in my forty-feet reflector it appeare 
IK) bigger than a very small lucid poii^t. I see it, however. 
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wwj w«B in ^ twentyfeel raflc»t6r, to wbiek tke ^xq^itttt 
figuTe of tine speculam not a little ooBlribut^s." A kte ob- 
wmtvtv 9m^ that in 1896, witk a iwelve-lbet athrouuUicv of 
geTen inches aperture, made by Tulley, with a power of 190, 
the sereD ahttellites wbi« eaaiiy yisiUe, but not so eanly witk 
a power of 900 ; and that the planet appeared as bright as 
bnlliantly bamished silver, and the division in the ring and a 
belt were very plainly distinguished with a power of 200. 

The planet Uranus^ being generally invisible to the aaked 
kjmt is mdotn an object of attention ^o ootmnon obtervers* A 
ednsideraUe magnifying power is requisite to make it ^ptRif 
in « j^anetary farm with a well-defined disk. The best pe- 
riods Ibf detecting it are, when it is near its oppomtion to tht 
ami, or wiien it happens to approximate to atiy of the other 
phnets, or to a well-known filled alar. When none <^ these 
oiftttnatances occur, its position requires to be pcnnted out by 
Im 4iquat(irial teleeccipe. On the morning of the 35th of hat* 
«avy, 1§41, thit pianet happmied to be in conjunctioii with 
"Vants, «t whit^ tfane it was only four minuted north of that 
]riatet. ®tv«ral days belere this coi^nction I made ob8e^ 
vstibns Oft Uranti^. On the «veiun(g of the 24th, aboiit eight 
iNlkurfc before th^ conjunction, the two planets appeared in thf 
iaine ieU <^ the teletoepe, the one exceedingly splendid, and 
to dthe^ mere obscure, but distinet and well defined. Uraaui 
ee«ld not be perceived ^^r with the naked eye <xr with an 
cqpeta*glass, but could be distinguished as a very small star 
Vf means df a pocket achromatic telescope magnifying aboiU 
14 times. It is questionable whether, under the most favour- 
able circumstances, this pianet can ever be distinguished hj 
(he riedced eye. With minifying powers of 30 and 7A it 
ai^p»eaied as a moderately large star with a steady light, but 
without any sensible disk. With powers of 120, 180, and 
950, it presented a round and pretty well-defined disk, but 
not ao luminous and distinct as it woiud have done in a higher 
altitude. 

The Ihtible Siurs require a great variety of powers in 
4rder to distinguish the small stars that aooompany the larger. 
Berne of them are distiz^uished with moderate powers, white 
others reqtiire pretty hirge instruments, ^mished with high 
aaa^ifying e3repieeas. 1 shall therefore select only a few as 
^ specmen. The stitr Ckutor^ or » Geminorum, may be 
saiSy seen to be doUUe with powers of from 70 to 100. ( 
Iflvre aen^times aeen these stars, which are nearly equal in 
Me imd cekHir, with a terrestrial power of 44 on a 444nch 
a nhe ss n sl t ic. The aiffimranee <^ this star with such poweis 
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18 akMnewhat similar to that of 17 Coronse in a seven-feet achro- 
matic of five inches aperture, with a power of 500. y An- 
dromeds may be seen with a moderate power. In a thirty- 
inch achromatic of two inches aperture and a power of 80, it 
i^pears like s Bootis when seen in a five-feet achromatic 
with a power of 460. This star is said to be visible even in 
a one-foot achromatic with a power of 36. c Lyrm^ which b 
a quintuple star* but appears to the naked eye as a; single 
star, may be seen to be double with a power of from six to 
twelve times, y Leonis is visible in a 44-inch achromatic 
with a power of 180 or 200. Rigel in a 3i-feet achromatic, 
may be jSeen with powers varying from 130 to 200. The 
small star, however, which accompanies Rigel, is som^tim^ 
difficult to be perceived, even with such powers. #. Bootis 
is seldom distinctly defined with an achromatic of less aper- 
ture than 34th inches, or a reflector of less than five inchei» 
witk a power of at least 250. 

These and similar stars are not to be expected tp be $een 
equally well at all times, even when the magnifying and 
illuminating powers are properly proportioned, as much de- 
pends upon the state of the weather, and the piireness of th^ 
atmosphere. In order to perceive the closest of the double 
stars. Sir W. Hersphel recommends that the power of the 
telescc^e should be adjusted upon a star known to be single, 
of nearly the same altitude, magnitude and colour, with the 
double star which is to be observed, or upon one star above 
wad another belpw it. Thus the late Mr. Aubert, the astro- 
nomer, could not see the two stars of y Lepnis when the focus 
was adjusted upon that star itself, but he soon obsenre^the 
small star after he had adjusted the focus upon Regulus. An 
exact adjustment of the focus of the instrument is indis- 
pensably requisite in order to perceive such minute objects.. 

In viewing the Nebulm^ and the very small and immensely 
distant fixed stars, which require much light to render them 
visible,: a large aperture of the pbject-glass or spepul^m, 
which admits of a great quantity of light, is of more import- 
imce than high magnifying powers. It is light chiefly, a<v- 
Gompanied with a moderate magnifying power, that enables 
us to penetrale into the distant regions of space. Sir W. 
Herschel, when sweeping the profui^ities of the Milky Way, 
and the Hand and Club of Orion, used a telescope of the 
Newtonian form, twenty feet focal length and ISyVh^ inches 
in diameter, with a power of only 167. On applying this 
telescope and power to a part of the Tla Lactea^ ne foimd 
oat it completely resolved the whole whitish appearance into 
23* 
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-IMVS, irkidi his f(mn«r teledoopes had not light ^emmA'ib 
ilftot, ttid which 86ia]ler iBStrUnteats with much l|ghc^ 
Migtoiiyitig powers would not have «§ected. He telb m 
tiut, with this power, M the ^rioMs niBltitude of stasrs,'* k 
^te vidiiky of Orioa, "« of aU ponible sizes, that presenteid 
<^«]tiifthe« to Yiew, was tmly tstonishiBg, and ^at he. ha4 
lieldB wbkh contained TO, 00, and 110 stars, so thai a belt sf 
Mcien d e gfcc s i long and two degrses h^nd, wMch passed 
4hioagh the field of the telescope hi an hcvr, cottld not eon- 
^Hiki less than fifty thousand stars that were lam enoogh to 
4e distinctly nombered." In viewing the Milky Way, the 
N^bul*, and small cluster of stars, such as Prxstpe in Can€«r, 
I genetnlly use a power of 55 times en an achromatic t^ 
^eoope six feet six inches in focal length and ^r inches ki 
^amefler. The eyepiece which produces this power— -w^di 
J fonned ibr the purpose-^oonsists (^ two oonvex lenses, the 
one next the eye three inches fecal foiigth and l^ths df an 
Inch diuneter, and that next the object 3i inches focn» and 
l^ths of an inch diameter, the deepest convex sur&ces bditt 
*next«aeh other, and their distuice a quarter of a^ indi. Wiu 
this eyepiece a very large and Inilliant field of view is ob- 
lained ; and I find it preferable to any higher powers in view- 
ing the nebulosities and clusters of stars, hi certain spaees 
-of the heavens it sometimes presents in one field nearly a 
hundred stars. It likewise serves to exhil^t a very oiear aad 
interring view of the full moon. 

In observing Comets^ a very small power Should g<eaers^ 
he nsed, even on large instruments. These bodies {^osssis 
^« skoell a qnaotity of light, and ^ey are so frequently en- 
l^oped in a veil of dense atmosphere, that mtign^ykig powsr 
ilonietinies renders them more obscure, and therefore the ¥hh 
ungating power of a large te&scope with a small power is io 
till cases to be preferred. A comet eyepiece ehould he eonr 
istruCted with a very large and uniformly distinct field, and 
should magnify only fi^ 15 to 80 <»r 40 times, and the 
Senses of Mch an eyetube should be nearly two inches in 
-diameter. The late Kev. F. Wollaston recommended f(»rob- 
^ervinj^ comets ^% telescope with an achron^ic object-glass 
•of 16 inches focal length and 2 inches aperture, wich a Bams- 
4en*e tyegkss tniagnifying about 25 times, mounted on a ver]r 
fittn equatorial Island, the field of view taking in two degrees 
<^« great circle." 

In viewing ^le m^on, various powers may be applied, ao- 
iewdlngto eitoutoiitanoes. The best periods of the moon for 
iwip e m i ilg i^iittquahtM i^ its surfi&ce aie either trhtfn it 
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iSS^rmes a ci eacent or a holf^moon phase, or two or three 
^^BCf9 after the period of half moon. Several daye after full 
noon, and particukrly about the third quarter, when this orb 
is tmning, and vrhen the shadows of its mountains and vales 
%jt thrown in a dif^rent dtrectK)n from what they are when 
^m the increase, the most -prominent and intere^ing views 
may 1>e obtained. The most convenient season for (Staining 
such viewv is during the autummd months, when the moon, 
«boQt the third quarts, sometimes rises as early as eight 
oMock r. M., and may be viewed at a consideral:^ high alti- 
tude by ten or eleva:^. When in the positions now alluded 
to,' and at a high altitude, very high magnifying powers may 
iK»netixnes be applied with good effect, especially if the at- 
liio^here be clear alnl serene. I have sometimes applied a 
pOT^r, in such cases, of S60 times on a 4^inch achromatic 
witk'Ccmsideiable distinctness; but it is only two or three 
times in a year, and when the ataiesphere is r^narJcabty 
ftvourable, that such a power can be i^ed. The autunuud 
vivesimgs are generally best fitted lor such observations. The 
Ml moon is an object which is never seen to advantage with 
nigh powers, as no shadows or inequalities on its surface can 
iben be perraived. It forms, however, a very beautiful ob- 
JBtt when magnifying powers not higher than 40, 60, or 60 
times aw ttsed. A power of 45 times, if properly construct- 
-td, will show die tvhok of the iTioon with a margin around 
ity^ when the darker and brighter parts of its sur&ce will pre- 
vent a variegated aspect, and appear somewhat like a map to 
^le eye of the observer. 

4. Mode of esthibiUng the Soktr Spoti. — ^The solar spots 
tnay be contemplated witk advantage by magnifying powers 
varyittg from ^ to 180 times ; about 90 times is a good 
meoium power, thovrgli they may sometin^s be ^tinguished 
*wi^ very low powers, such as those usually adapted to a 
one-foot H^escope, or even by means of a common opera-glass. 
The common astronomical eyepiece given along with acbro- 
matie tel^copes, and the sunglasses connected with them, are 
geaeralfy ill adapted {ot taking a pleasant and comprehensive 
view (d the solar spots. In the higher magnifying powers, 
the first eyeglass is generally at too great a distance from the 
eye, and the sunglass which is screwed over it removes it to 
'% still greater difi^ce from the point to which the eye is ap- 
plied,- so that not above one^hird of the field d* view cim be 
taken in. This circumstance renders it difficult to point th^ 
histrnment to any particular anall spot on the solar diak 
"Which we wiah nuiniteiy to inspect ; and besides, it |»t9vems 
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lis from taking a comprehensive riew of the rtkiHve poiiHom 
of all the spots that may at any time he traversing the disk* 
To ohviate this inconvenience, the sangkss would require to 
he placed so near to the glass next the eye as almost to touch 
it. But this is sometimes difficult to he attained, uid, in high 
powers, even the thickness of the sunglass itself is sufficient 
to prevent the eye from taking in the whofo field of view. 
For preventing the inconveniences to which I now allude, I 
generally make use of a /erret^no/ eyepiece of a oonsideiaUe 
power, with a large field ; the sunglass ia fixed at the end of 
a short tu'he, which sb'des on the eyepiece, and pennks the 
coloured glass to approach within a line or two of the lens 
next the eye, so that the whole field of the telescope is com- 
pletely secured. The eyepiece alluded to carries a magni- 
fying power of 96 times for a 46-inch telescope, and takes in 
ahout three-fourths of the surface d" the sun, so that the rela* 
tive positions of all the spots may generally he perceived at 
one view. Such a power is, in most cases, quite sufficient 
for ordinary observations, and I have seldom found any good 
efiect to arise from attempting very high powers when mi- 
nutely examining the solar spots. 

But the most pleasant mode of viewing the solar spots, es- 
pecially when we wish to exhibit them to others, is to throw 
the image of the sun upon a white screen, placed in a room 
which is considerably darkened. It is difiknlt, however, 
when the sun is at a high altitude, to put this method into 
practice, on account of the great obliquity with which his 
rays then fall, which prevents a screen- from being placed at 
any considerable dislance from the eye-end of the telescope. 
The following plan, therefore, is that which I uniformly 
adopt, as bein^ both the easiest and ^ most satis&ctory. A 
telescope is placed in a convenient position, so as to be di- 
rected to the sun. This telescope is furnished with ^diago- 
nal eyepiece, such as that represented fig. 77, (p. 247.) The 
window-shutters of the apartment are all closed excepting a 
space sufficient to admit the sokr rays ; and when the tele- 
scope is properly adjusted, a beautiful image of the sun, with 
all the spots which then happen to diversify his surfkce, is 
thrown upon the ceiling of the room. Thw image may be 
from 12 to 20, or 30 inches or more in diameter, according to 
the distance of the ceiling 'from the diagonal eyepiece. The 
greater thii^ distance is, the larger the image. If the sun is 
at a very high altitude, the image will be elliptical ; if he be 
at no great distance from the horizon, the image will appear 
circulaf , or nearly so; but in either case the spots will be 
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telliiietly depicted, prorided the foctm of die telescope be im> 
cuiately adjtisted. In this exhibition, the apparent motion of 
Ae sun produced by the rotation of the earth, and the pas** 
sage <^ thin fieeees of ckmds across the s<^r di^, exhibit a 
tery pleasing appearance. 

By this mode of viewing the solar spots we may easily 
ascertain their diameter and magnitude, at least to a near ap- 
proximation. We hare only to take a scale of indies, and 
measure the diameter of any well-^eimed and remarkable 
spot, and* then the diameter of the solar ima^ ; and, com- 
paring the one with the other, we can asoertam the number 
of miles, either lineal or square, c<mi|»rehended in the dimen- 
sions of the spot. For example, suppose a spot to measure 
half an inch in diameter, and the whde image of the sun 195 
inches, the proportion between the diameter of the spot and 
^t of the sun will be as 1 to 50 ; in other words, the ^ne- 
J^ieth part of the sun-s diameter. Now tlu« diameter bang 
869,600 miles, this number divided by 60, produces a quo- 
tiemt of 17^000a-the number of miles which its diameter 
Measures. Such a spot will the^etoe contain an area of 
it8,1{%,504, 6t more than two hundred and ferty-throe mil- 
Kons of Ajuare miks, which is 46 miHioiia of mites more than 
die whole superficies of the terraqueous globe. Again^ sup- 

Figure 82. 
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poBe the diameter of a spot measures i^tbs of an iacli, and 
the solar image 23 inches, the proportion of the diameter of 
the spot to that of the sun is as 3 to SSOnthe number of 
tenths in 23 inches. The number of miles in the spot's dia- 
meter will therefore be found by the following proportion : 
230 : t^QOjOOO : : 3 : 11,478 ; that is, the diameter of such a 
)pot measures eleven thousand four hundred and seventy- 
eight miles. Spots of such sizes are not unfrequently seen 
to transit the solar disk. 

By this mode of viewing the image of the sun#his spots 
may be exhibited to twenty or thuty individuals at cmce 
witnout the least straining or injury to the eyes ; and as no 
separate screen is requisite, and as the ceilings of rocmis are 
generaLy white, the experiment may be performed in half a 
minute without any previous preparation except screwing on 
and adjusting the eyepiece. The manner of exhibiting the 
solar spots in this way is represented in fig. 82. 

6. On the Space-penetrating Power of Teleecopei.-^^The 
power of telescopes to penetrate into the proiupdity of space 
is the result of the quantity of light they cdlect and send to 
the eye in a state fit for vision. This property of telescopes 
is sometimes designated by the expression Jlluminating 
Power, 

Sir W^ Herschel appears to have been the first who made 
a distinction between the magnifying power and the space' 
penetrating power of a telescope ; and there are many ex- 
amples which prove that such a distinction ought to be made, 
especially in the case of large instnunents. For example, 
the small star, or speck of light, which accompanies the pole 
star, may be seen through a telescope of large aperture with 
a smaller magnifying power than with a telescope of a small' 
aperture furnished with a much higher power. If the mac^ 
nifying power is sufficient to show the small star completely 
separated from the rays which surround the large one, this ^ 
sufficient in one point of view ; but, in order that this effect 
may be produced, so as to render the small star perfectly dis- 
tinguishable, a certain quantity of light must be admitted into 
the pupil of the eye, which quantity depends upon the. area 
, of the object-glass or speculum of ihe instrument, or, in other 
words, on the illuminating power. If we compare a telescope 
of 21 th inches aperture with one of 5 inches aperture, when 
the magnifying power of each does not exceed 60 times for 
terrestrial objects, the eflfect of illuminating-^power is not so 
evident; but if we use a power of 100 for day objects, and 
180 for th 3 heavenly bodies, the efifect of illuminating power 
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18 SO cleariy'perceptible, that objects not only appear Wigbtei 
and more clearly risible in the larger telfescope, but with the 
same magnifying power they also appear larger, particularly 
when the satellites of Jupiter and small stars are the object! 
we are viewing. 

Sir W. Herschel remarks, that "objects are viev^ed in 
their greatest perfection when, in penetrating spac^ the mag- 
nifying pow€)r is so low as only to be sufficient to show the 
object well, and when, in magnifying objects, by way of ex- 
amining them minutely, the space-penetrating power is no 
higher than what will suffice for the purpose ; for in the use 
of either power, the injudicious overcharge of the other will 
prove hurtful to vision." When illuminating power is in too 
high a degree, the eye is offended by the extreme brightness 
of the object ; when it is in too low a degree, the eye is dis- 
tressed by its endeavours to see what is beyond its reach ; 
and therefore it is desirable, when we wish to give the eye 
ail the assistance possible, to have the illuminating and the 
magnifying powers in due- proportion. What this proportion 
is, depends, in a certain degree, upon the brightness of the 
object* In proportion to its brightness or luminosity, the 
magnifying power may, to a certain extent, be increased. Sir 
W. Herschel remarks, in reference to a Lyrse, " This star, I 
syrmise, has light enough to bear being magnified at least a 
hundred thousand times, with no more than six inches oL- 
aperture." However beautifully perfect any telescopes may 
appear, and however sharp their defining power, their per- 
formance is limited by their illuminating powers, which are 
Wthe squares of the diameters of the apertures of the respec- 
tive instruments^ Thus a telescope whose object-^lass is 
ftmr inches diameter will have four times tlw quantity of light, 
oeJUuminating power, possessed by a telescope whose aper- 
ti^e is only two inches, or in the "propcHrtiim of 16 to 4 ; the 
^hte of 4 being 1^, and the square of 2 being 4. 
-..The nature of the mac&'pen^rating power to which we 
ate adverting, and the distinction between it and magnifying 
power, iftay be illustrated from a few examples taken from 
Sii W. Herschel's observations. 

The first observation which I shall notice refers to the n«- 
huh between fj and f Ophiuchi, discovered by Messier in 
ll'W. The observaticMi was made with a ten-feet reflector, 
^Mmog a magnifying power o^ 250, and a space-penetrating 
power of 28.67. . His note is dated Uky 3, 1783. « I see 
sereral stars in it, and make ,no doubt a higher power and 
°Mne h^ wiM resolve it all into stan. This seems to me a 
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good oebak for the porpase of ettabliaUag^ the odttliectidtt 
between nebul9 and daeten of stavt in general.*' ^ June 18^ 
1784. The same nehnk viewed with a Newtoniati twen^ 
feet reflector ; penetrating power 61, and a magnifying power 
of 167 ; a rery large and a very bright cluster of exeeaaiTely 
compieaeed etara. The staie are bi^ just rieible, and ai« en 
unequal magnitodea. The krge ttais are red ; the ohister ii 
a miniature of that near Fkrottead's forty-eeoood Ckmm Be^ 
reniees. Ri^ ascension, 17^ 6^ asf. ^Polar distanee, l4i* 
18'^" In this case, a penetrating nower of abom f8, imih i 
maonifying power of S6(K bavely showed a £dw stus ; wl^ 
in&e second instrument the iliumiaattng nower (^ 60, widt 
'the magnifying power of only 157, shoiM^ them compktehr, 
Subeequentfy to the date of the latter obeenration, the 
twenty-feet Newtonian teloBCope was conyerted into an Ket^ 
schelun instrument by taking away the small speculum, sad 
nring the large one the prqper inclination for obtaining ik$ 
nront view ; by which alteration the illuminating power was 
increased from 61 to 75, and the advantage derived from ths 
altemticm was evident in the discovery of the satellites of 
Uranus by the ahered telescope, which before was incom- 
petent in the point of penetration, or illuminating power. 
** March 14, 1798, 1 viewed the Georgian planet (or UruMtt) 
with a new twenty-five feet reflector. Its penetratiog power 
is 95*85, and having just before also viewed it wh my 
twenty-fbet instrument, I found that with an eeual magni^ 
ing power of 800, the twenty-five feet telescope nadconsid«p* 
aUy the advantage of the former^*' The aperture of dM 
twenty-feet instrument was 18^ inches, and that of the 
twenty-five feet telescc^ 24 inches, so that the supemf 
efiect of the ktter instrument must have been owing to its 
neater illuminating power. The feilowing observations show 
me superior power of the ferty-feet tele^p^ as oomp«Md 
with the twenty^^feet. «' Feb. M, 1786, 1 vkwed the ndbuls 
near Flamstead's fiflh Serpeitfis with my twenty-feet reflector, 
magnifying power 157. The most beautiful, extremely 
compressed duster of small stars, the greatest part erf* ^yan 
gathered together into one brilliant nucleus, evidently c(m- 
sisting of stars, surrounded with many detached gathering 
stars of the same size and colour. R. A., 15^ 7" 19^. P.D., 
87^* 8"." "May 27, 1791, I viewed the same object wdh 
my forty-^eet telescope, penetrating pcrwer 191*69, magnify* 
ing power 870. A beautiful cluster of stars. I counted about 
200 of them. - The middle of it h so con^nreBsed ^tk$Jt k n 
imfMssibfe to distinguish the slais." ,•« Mbv. 5, 1791, 1 i^ewed 
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Saturn with the twenty and forty-feet telefcopes : Twenty- 
feei.^-^The fifth satellite of Saturn is very small. The first, 
second, third, fourth, and fifth, and the new sixth satellites, 
are in their calonlated places. farty-fe€t.r^ see the new 
sixth satellite much bette? with th^ instrument t^h^n with th^ 
tw«nty-4eet. The fifth is siso ^uch lai^ger here than in the 
iwjeaty-feet, iji which it was Bearjv the same size lis a small 
fijQsd star, but here jt is eonsideruhly lijkrger than that star." 

Thc«e 'exaoiipies, ^d mswy others of a similar kind, ex- 
plain sufficiently thf^ nature aiid extent of that species c^ 
power ths^ one telescope possesses over another, in conse^ 
quenee of its eql^rged aperture ; but the exact quantity of thif 
power is in some &gree uncertain^ To ascertain practically 
Ihe iUummatii^g power of telescopes we must try them with 
equal jpowers on such objects as the following : the small stars 
jiear the pole star, apd near Rigel and < Bootis ; the division m 
the riiB^ of Saturi^; and distant obje(;ts in tha twiUght or 
towards the eyesdng. Thes^ objects are distinctly se^i with 
^ fi^e-feet achromatic of ^Ath inches aperture, and an illu" 
minatiog pow^r of 144> while they are scarcely visible in a 
8s feet With an aperture of 2|th inches, and an illuminating 
power <3il% supposing the same magnifying pewer to be ap- 
phed. The iMuminating power of a telescc^e is best esti- 
mated, in regard to land objects, when it is tried en minute 
objects, and such as are badly lighted up ; and the advantage 
of a telescope with a large aperture will b^ most obvious when 
it is ccHEupadred with another of inferi<Hr size in the dose of the 
evening, whea looking at a printed bill ^omtposed of letters of 
various sizes. As darkness comes on, the use of ilhimi- 
nc^ing power becomes mere evident. Jn a five-feet telescope 
soi&e small letters will b^ l^iMe which lyre hardly discern* 
ible ia the ^ feet, and in tb^ 2ti feet are quite undefinable, 
though the magnifying powers be equal. Sir W. Herschel 
infoms us that, in the year 1776, when he had^ erected a 
telescope of twenty feet focal kngth of the Newtcmian con- 
irtruction* one <^ its efiects by tml was, that when, towards 
ev^sing, on account of darkness, the natural eye could not 
l^enetra^ far into the space, the telescope possessed that 
power sufficiently to show, by the died of a distant church 
steeple, what o -clock it w«|s, notwithstanding the naked eye 
eould no longer see the steeple itself. 

In order to convey an idea of the numbevM by which the de 
gree oi space-penetmting power k expressed, and the genersd 
gsGmdA on which they rest,, the fi^wing statemeaats may be 
aiadfi. Ths di^ to which the naked eye -can penetmie 

Vol. rX. 24 
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into the spaces of the heavens is considered as extending to 
the twelfth order of distances ; in other words, it can perceive 
a star at a distance twelve times ferther than those lumina- 
ries, such as Sinus, Arcturus, or CapeUa, which, from their 
vivid lig^ht, we presiraie to he nearest to us. It has heen 
stated ahove that Herschel calculated his ten-feet telescope 
to have a space-penetrating power of 28*67, that is, it could 
enahle us to descry a star 28 times farther distant than the 
naked eye can reach. His twenty-feet Newtonian was c(m- 
sidered as having a similar power of 61 ; his 25 feet, nearly 
96; and his forty feet instrument, a power' of 191.69. If 
each of these numhers he multipUed by 12, the product will 
indicate how much farther these telescopes wiM penetrate 
into space than the nearest range of the fixed stars, such as 
those of the first magnitude. For instance, the penetrating 
power of the forty-feet reflector being 191.69, this number, 
multipUed by 12, gives a product of ^00, which shows that, 
were there a series of two thousand three hundred stars ex- 
tended in a line beyond Sirius, Capella, and similar stars, 
eath star separated from the one beyond it by a space equal 
to the distance of Sirius from the earth, they might be all 
seen through the forty-feet telescope. In short, the pene- 
trating power of telescopes is a circumstance which requires 
to be particularly attended to in our observations of celestial 
phenomena, and in many cases is of more importance than 
magnifying power. It is the eflfect produced by illuminating 
power that renders telescopes, furnished with comparatively 
small magnifying powers, much more efficient in observing 
comets, and certain nebuks and clusters of stars, that when 
high powers are attempted. Every telescope may be so ad- 
justed as to produce diflferent space-penetrating powers. 
If we wish to diminish such a power, we have only to con- 
tract the object-glass or speculum by placing circular rims, 
or apeitures of dSSerent degrees of breadth, across the mouth 
of the great tube of the instrument. But we cannot increase 
this illuminating power beyond a certain extent, which is 
limited by the diameter of tne object-glass. When we wish 
illuminating power beyond this limit, we must be furnished 
with an object-glass or speculum of a larger size ; and hence 
the rapid advance in price of instruments which have lai^ 
apertures, and consequently high illuminating powers. Mr. 
Tulley's 3 J feet achromatics of 2Jth inches aperture sell at 
£2d 6#. ; when the aperture is 31 th inches, the price is j§42; 
when 3ith inches, ^68 6». The foDowing tabie contains a 
statement of the <' comparative lengths, apertures, illuminatkig 
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powers, and prices of achromatic refractOTs and Gregorian re- 
flectors," according to Dr. Kitchener. 
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7 7 
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50 
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The illuminating powers stated in the above table are only- 
comparative. Fixing on the number 25 as the illuminating 
power of a two-feet telescope, ly\jths of an inch aperture, 
that of a 2$ feet, two inches aperture, will be 40 ; of a five* 
feet, 3j^th inches aperture, 144, &c. If the illuminating 
power of a Gregorian 1 5 foot, and three inches aperture, be 
90, a five-feet, with nine inches aperture, will be 81.0, &c. 

6. On chopsing Telescopes^ and ascertaining their Pr(H 
perties. — It is an object of considerable importance to ever} 
astronomical observer that he should be enabled to form a 
judgment of the qualities of his telescope, and of any instru- 
ments of this description which he may intend to purchase. 
The following directions may perhaps be useful to the reader 
in directing him in the choice of an achromatic refracting 
telescope : 

Supposing that an achromatic telescope a£ 85 feet focal 
length and B^th inches aperture were offered for sale, and 
that it were required to ascertain whether the object-glass, on 
which its excellence chiefly depends, is a good one, and duly 
adju,sted, some opinion may be formed by laying the tube c€ 
the telescope in a horizontal position, on a firm support, about 
the height of the eye, and by placing a printed card or a 
watch-glass vertically, but in an inverted position, against 
some wall or pillar at 40 or 50 yards distant, so as to be ex- 
posed to a clear sky. When the telescope is directed to this 
object, and accurately adjusted to the eye, should the letters 
on the card, or the strokes and dots on the watch-glass, appear 
clearly and sharply defined, without any mistiness or colora- 
tion, and if v^ry,small spots appear well definod,.great hopes 
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may h^ eiHertained that the glsM wilt timi out a ^ood oiitf. 
But a telescope may appear a good one, when yiewing coit^ 
mon terrestrial objects, to eyes unaccustomed to discriminate 
deviations fhmi perfect vision, while it may tarn out to be cgi 
indifierent one when directed to certain celestial objects. 
Instead, therefore, of a printed card, fix a black board, or one 
half of a sheet of black paper, in a vertical position at the 
same distance, and a circular disk of white writing paper, 
dbout one-fourth of an inch in diameter, on the centre of the 
black ground; then, having directed the telescope to this 
object, and adjusted for the place of distinct vision, mark with 
a black-lead pencil the shding eyetube at the end of the main 
tube, so that this position can always be known ; and if this 
sliding tube be gradually drawn out or pushed in while the 
eye l^holds the disk, it will gradually enlarge and lose its 
colour till its edges cease to be well defined. Now if the 
emkrged misty circle is observed to be concentric with the 
ilisk itself, tlw object-glass is properly centred, as it has 
reftnrence to the tube ; but if the misty circle goes to one side 
<rf the disk, the cell of the object-glass is not at right angles 
to the tube, and must have its screws removed and ite holes 
•loBgated bt a rat«-tailed file small enough to enter the holes; 
When this has been done, the cell may be replaced, and the 
disk examined a second time, and a slight stroke on one edge 
df the cell by a wooden mallet will show by the aheration 
made in the position of the misty portion of the disk how the 
aidjustment is to be eflected, which is known to be right when 
m motion in the sliding tube will make the diluted disk en* 
large in a circle concentric with the disk itself. When the 
disk will enhrge so as to make a ring of diluted white light 
round its circumference as the sliding tube holding the eye- 
piece is pushed in or drawn out, the cell may be finally fixed 
Dy the scriews passing through its elongated noles. 

When the object*glass is thus adjusted, it may then hb 
ascertained whether the curves of the respective lenses com- 
posing the object-glass are well formed, and suitable for each 
other. If a small motion of the sliding tube of about ^th of 
mi inch in a Si feet telescope from the point of distinct vision 
will dilute the light of the disk and render the appearance 
cOnAised, the figure of the object-glass is good, particularly 
ff the same efiect will take place at equal (fistances from the 
p<Hnt of distinct vision when the tube is alternately drawn 
out and pushed in. A telescope that will admit of much 
motion in the sliding tube without sensibly afi^cting the dis- 
tinetttBSsef vision, wMl not define an olsject wej) at any point 



HOW TO CHOC^B A TELESCOPE. 281 

)f adjustment, and must be considered as having an imperfect 
object-glass, inasmuch as the spherical aberration of the 
transmitted rays is not duly corrected. The due adjustment 
of the convex lens or lenses to the concave one will be judged 
of by the absence of coloration round the enlarged disk, and 
is a property distinct from, the spherical aberration; the 
achromatism depending on the relative focal distances of the 
convex and concave lenses is regulated by the relative dis- 
persive powers of the pieces of glass made use of, but the 
distinctness of vision depends on a good figure of the oom- 
pmted curves that b'mit the focal distances. When an object- 
glass is free from imperfection in both these respects, it may 
be called a good glass for terrestrial purposes. 

It still, however, remains to be determined how fer such 
an object-glass may be good for viewing a star or a planet, 
and can only be known by actual observations on the heavenly 
bodies. When a good telescope is directed to the moon or to 
Jupiter, the achromatism may be judged of by alternately 
pushing in and drawing out the, eyepiece from the pkoe of 
distinct vision. In the former case, a ring of purple will be 
formed round the edge; and in the latter, a ring of light 
green, which is the central colour of the prismatic spectrum ; 
for these appearances show that the extreme colours, red and 
violet, are corrected. Again, if one part of a lens employed 
have a different refractive power frotn another part of it, that 
is, if the flint-glass particularly is not homogeneous, a star of 
the first and even of the second magnitude will point out the 
natural defect by the exhibition of an irradiation, or what is 
called a tmng, at one side, which no perfection of figure or 
df adjustment will banish, and the greater the aperture, the 
more liable is the evil to happen : hence caps with diflferent 
apertures ^re usually suppUed with large telescopes, that the 
extreme parts of the glass may be cut off in observations re- 
quiring a round and well-defined image of the body observed. 

Another method of determining the figure and quality of 
an object-glass is by first covering its centre by a circular 
piece of paper, as much as one-half of its diameter, and 
adjusting it for distinct vision of a given object, such as the 
disk above mentioned, when the central rays are intercepted, 
and then trying if the focal length remains unaltered when 
the paper is taken away and an aperture of the same size 
applied, so that the extreme rays may in their turn be cut offl 
if the vision remains equally distinct in both cases, without 
any new- adjustment for focal distance, the figure is good, and 
the spherical aberration cured, and it may be seen by view- 
24* 
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ioff a star ai the fiitt magnitude sucoesaiT^ in both oases, 
wnether the irradiation is produced more by the extreme (xt 
by the central parts of the gkas ; or, in. case the one^half be 
fiiulty and the other good, a semicircular aperture, by being 
turned gradually round in trial, will detect what semicirck 
contains the defective portion of the glass ; and if such porr 
tion should be covered* the only inconvenience that would 
ensue would be the loss of so much li^ht as is thus excluded. 
When an object-glass produces radiations in a huge star, it is 
unfit for the nicer observations of astronomy, such as viewing 
double stars of the first class. The smaller a large star ap- 
pears in any telescope, the better is the figure of the object- 
glass ; but if the image of the star be fi^ frcnn wings, the 
size of its disk is not an objecticm in practical observaticms.* 

Some opticians are in the habit of inserting a diaphragm 
into the body of the large tube, to cut off the extreme rays 
coming from the object-glass when the figure is not good, 
instead of lessening the aperture by a cap. When this is the 
case, a deficiency of light will be the consequence beyond 
what the apparent aperture warrants. It is theref<»te proper 
to examine that the diaphragm be not placed too nenjr the 
object-glass, so as to intercept any of the useful rays.. Some- 
times a portion of the object-glass is cut. off by the ^op in the 
eyetube. To ascertain this, adjust the telescope to distinct 
vmon, then take out the eyeglasses, and put your finger on 
some other object on the edge of the outside of the object- 
g^asS) and look down the tube ; if you can see the tip of your 
finger, or any object in its place, just peeping over the edge 
of the object-glaM, no part is cut pfi*. I once had a 3^ feet 
telescope whose object-glass measured three inches in diame- 
ter, which was neither so bright, nor did it peribnn in other 
respects nearly so well as another of the same length whose 
object-glass was only 2|th inches in diameter ; but I found 
that a disphragHi was placed about a foot within the end of 
the large tube, which reduced the aperture of the object-glass 
to le&s than 2i inches, and when it was removed the tele- 
scopt 4Fas less distinct than before. The powers gi^^en siUms 
with this instrument were much lower than usual, none oi 
them exceeding 100 times. This is a trick not uucommc^ 
with some opticians. 

Dr. Pearscm menticms that an old Dollond's telescope of 63 
inches focal length and 3|th inches aperture, si^posed to be 
an excellent one, was brou^it to Mr. Tulk[y when he was 

* The above directions and remarks are abridged with some altera* 
tioaa from Dr. Pearson's " Imrodiiictien io Praetical Astrbmnny^" rch ti 
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picsent, fmd the result of the examination was that its achro- 
matism wa38 not perfect. The imperfection was thus deter- 
mined hy experiment. A small glass globe was placed at 
forty jrards distance from the object-end of the telescope when 
tbe sun wa& shining, and the speck of light seen reflected 
fhim lias globe formed a good substitute for a large star, as 
an object to be viewed. When the focal length of the object- 
g]afis was adjusted to this luminous object, no judgment could 
be formed of its prismatic aberrations till the eyepiece had 
been pushed in teyxjnd the place of correct vision ; but when 
the teiescope was shortened a little, the luminous disk occa*' 
SMHied by such shortening was strongly tinged with red ruya 
at its circumference. On the contrary, when the eyepiece 
was drawn out so as to l^igthen the telescope too much, the 
disk ihua produced was tinged with a small^role of red at 
its antre^ thereby denoting that the convex lens had too short 
a focal length ; and Mr. TuUey observed, that if one or both' 
of the curves of the convex lens were flattened till the total 
length should be ahout four inches increased, it would render 
Iii6 telescope quite achromatic, provided in doing this \h» 
aberration should not be increased. 

The fdlowing general ^remarks may be added: 1. To 
make any thing Hke an accurate comparison of telescopes, 
tiiey must be ^ied not only at the sune place, but as nearly 
as possible at the same time, and, if the instruments are of 
the same length and construction, if possible, with the same 
eyepiece. 2. A difference of eight or ten times in the mag- 
mfjring power will sometimes, on certain objects, give quite a 
different character to a telescope. It has been found by va- 
rious exjJeriments that object-glasses of two or three inches 
longer focus will produce different vision with the sam6 eye- 
piece. 3. Care must be taken to ascertain that the eye- 
glasses are perfectly clean and free from defects. The de-i 
fects of glass are either from veins, specks, scratches, colour, 
or an incorrept figure. To discover veins in an eye or an 

' object-glass, place a candle at the distance of four or five 
yards ; then look through the ^ass, and move it from your 
eye till it appear full of light-; you will then see every vein, 
«r other imperfection in it, which may distort die objects and 
render vision imperfect. Specks or scratches, especially in 
object-glasses, are not so injurious as veins, for they do not 

, distort the object, but only intercept a portion of tne light. 
4. We cannot judge accurately erf the excellence of any tele- 
scope by observing ohjects with which we are not familiarly 
aequatnted. . Opticians generally try an instrument at thour 
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own marks, such as the dial-plate of a watch, a finely-engraved 
card, a weather-cock, or the moon and the planet Jupiter, 
when near the meridian. Of several telescopes of the same 
length, aperture, and magnifying power, that one is generally 
considered the hest with which we can read a given print at 
the greatest distance, especially if the print consists offigureSf 
such as a tahle of logarithms, where the eye is not apt to he 
deceived by the imagination in gtiesnng at the sense <^ a 
passage when two or three words are distinguished. 

There is a circumstance which I have fr^uentlv noticed 
in reference to achromatic telescopes, particularly tnose of a 
small size, and which I have never seen noticed by any op- 
tical Writer. It is this : if the telescope, when we are view- 
ing objects, be gradtlally turned round its axis, there is a 
certain position in which the objects will appear distinct and 
accurately defined ; and if it be turned round exactly a semi- 
circle firom ttis point, the same degree of dbtioctness is per- 
ceived, but in all other positions there is an evident want of 
clearness and defining power. This I find to be th© caise in 
more than ten one-foot and two-feet telescopes now in my 
possession, and therefore I have put marks upon the object- 
end of each of them to indicate the positions in which they 
should be used for distinct observation. This is a circum- 
stance which requires, in many cases, to be attended to in 
the choice and the use of telescopical instruments, and in 
fixing and adjusting them on their pedestals. In some tele- 
scopes this defect is very striking, but it is in some measure 
perceptible in the great majority of instruments which I have 
had occasion to inspect. Even in large and expensive achro- 
matic telescopes this defect is sometimes observable. I have 
an achromatic whose object-glass is 4j\jth inches diameter, 
which was "much improved in its denning power by being 
unscrewed from its original position, or turned round its axis 
about one-eighth part of its circumference. This defect is 
best detected by looking at a large printed biB, or a sign-post 
at a distance, when, on turning round the telescope or object- 
glass, the letters-will appear much better defined in one posi- 
tion than in another. The positien in which the obiect appears 
least distinct is when the upper part of the telescope is a 
quadrant of a circle difierent from the two positions above 
stated, or at an equal distance from each of them. 

7. On the Mode of determining the magnifying Power . 
of Telescopes, '^In regard to refracting telescopes, we have 
already shown that, when a single eyeglass is used, the mag- 
nifying power may be found by dividing the focal distance 
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of the oliject-glass by that of the eyeglass ; hnt Tvhen a 'Hnj' 
genian eyepiece, or a four-glass terrestrial eyepiece, such as 
is now common in achromatic telescopes, is used, the magni- 
fying power cannot be ascertained in this manner; iand in 
some of the delicate observations of practical astronomy, it is 
ci the utmost importance to know the exact magnifying power 
of the instrument with which the dbservations are made, par- 
ticularly when micrometrical measurements are employed to 
obtain the desired results. The foHowing is a general method 
of finding the magnifying powers of telescopes when the in- 
strument caQed a dynmnettr is not employed, and it answers 
for refracting and reflecting telescopes of every description. 

Having put up a small circle of paper an inch or two in 
diameter at the distance of about 100 yards, draw upon a 
card two black parallel lines, whose distance from each other 
is equal to the diameter of the paper circle ; then view through 
the telescope the paper circle with one eye, and the parallel 
lines with the other, and let the parallel lines be mored nearer 
to or farther from the eye, till they seem exactly to cover, the 
small circle viewed through the telescope : the quotient ob- 
tained by dividing the distance of the paper circle by the di»» 
tance of the parallel lines from the eye will be the magnifying 
power of the telescope. It requires a Httle practice before 
this experiment can be performed with accumcy. The one 
eye must be accustomed to look at an object near at hand, 
while the other is looking at a more distant object through 
the telescope. Both eyes must be open at the same time^ 
and the image of the object seen through the telescope must 
be brought into apparent contact with the real object near at 
hand. But a tittle practice will soon enable any observer to 
perform the experiment with ease and correctness, if the tele- 
scope be mounted on a firm stand, and its elevation or de- 
pression produced by rack-work. 

The following is another method, founded on the same- 
principle : Measure the space occupied by a number of the 
courses, or rows of bricks in a modern building, which, upon 
an average, is found to have eight courses in two feet, so that 
each course or row is three inches. Then cut a piece of 
paper thi^e inches in height, and of the length of a brick, 
which is about nine inches, so that it may represent a brick, 
and fixing the paper against the brick wall, place the tele- 
scope to be examined at the distance of about 80 or 100 yards 
from it. Now, looking through the telescope at the paper 
with one eye, and at the same time, with the other eye, look- 
ing past the telescope, observe what extent c/ waU tb" mag- 
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nified image of the paper appears to cover ; then cc^nt the 
courses of bricks in that extent, and it will give the magnify- 
ing power of the telescope. It is to be observed, however, 
that the magnif)ring power determined in this way will be a 
fraction greater than for very distant objects, as the focal dis- 
tance of the telescope is necessarily lengthened in order to 
obtain distinct vision of near objects. 

In comparing the magnifying powers of two telescopes, or 
of the same telescone when different ma^fying powers are 
employed, I generally use the following simple method. The 
telescopes are placed at eight or ten feet distance from a win- 
dow, with their eye-ends parallel to each other, or at the 
iiame distance from the window. Looking at a distant ob- 
ject, I fix upon a portion of it whose magnified image will 
appear to fill exactly two or three panes of the window j then,, 
putting on a different power, or looking through another tele- 
scope, I observe the same object, and mark exactly the extent 
of its image on the window-panes, and compare the extent of 
the one image with the other. Suppose, for example, that 
the one telescope has been previously .found to magnify 
ninety times, and that the image of the object fixed upon ex- 
actly fills three panes of the window, and that with the other 
power or the other telescope the image fills exactly two panes, 
then the magnifying power is equal to two-thirds of the for- 
mer, or sixty times ; and were it to fill only one pane, the 
power would be about thirty times. A more correct method 
18 to place at one side of the window a narrow board two or 
tnree feet long, divided into fifteen c^r twenty equal parts, and 
observe how many of thesp parts appear to be covered by the 
respective images of the different telescopes. Suppose, in the 
one case, ten divisions to be covered bv the image in a tele- 
scope magnifying ninety tim/?s, and that the image of the 
same object in another telescope pleasures six divisions, then 
its power is found by the following proportion : IQ : 90 : : 6 : 
64 ; that is, this telescope magnifies 54 times. 

Another mode which I have used for determining, to a 
near approximation, the powers of telescopes, is as f<£ows : 
Endeavour to find the focus of a single lens which is exactly 
equivalent to the magnifying power of the eyejaece, whether 
the Huygenian or the common terrestrial eyepiece. This 
may be done by taking a small lens, and using it as an ob- 
ject-glass to the eyepiece. Looking through the eyepiece to 
a window and holding the lens at a J)roper distance, observe 
whether the image of one of the panes exactly coincides with 
the pane as seen by the naked eye ; if it does, then the mag- 
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mfying power of the eyepiece is equal to that of the lens. If 
the lens be half an inch in focal length, the eyepiece will pro- 
du<5e the same magnifying power as a single lens when used 
as an eyeglass to the telescope, and the magnifying power 
will then he found by diiriding the focal distance of the object- 
glass by that of the eyeglass ; but if the image of the pane of 
glass does not exactly coincide with the pane as seen by the 
other eye, then proportional parts may be taken by observing 
the divisions of such a board as described above, or we may 
try lenses o( diiflferent focal distances. Suppose, for example, 
that a lens two inches focal length had been used, and that the 
image of a pane covered exactly the space of two panes, the 
power of the eyepiece is then equal to that of a single lens of 
one inch focal distance. 

The following is another mode depending on the same 
general principle. If a shp of writing-paper one inch long, 
or a disk of the same material one inch in diameter, be placed 
on a black ground at from 30 to 50 yards* distance from the 
object-end of the telescope, and a staff painted white, and di- ' 
vided into inches and parts by istrong black lines, be placed 
vertically near the said paper or disk, the eye that is directed 
through the telescope when adjusted for vision will see the 
magnified disk, and the other eye, looking along the outside 
of the telescope, will observe the number of inches and parts 
that the disk projected on it will just cover, and as many 
inches as are thus covered will indicate the magnifying power 
of the telescope, at the distance for which it is adjusted for 
distinct vision. The solar power, or powers for very distant 
objects, may be obtained by the following proportion : As the 
terrestrial focal length at the given distance is to the solar 
focal length, so is the terrestrial power to the solar power. 
For example, a disk of white paper one inch in diameter was 
placed on a black board, and suspended on a wail contiguous 
to a vertical black «taff that was graduated into inches by 
strong white lines, at a distance of 33 yards 2i feet, and when 
the adjustment for vision was made with a 4/2-inch telescope, 
the left eye of the observer, viewed the disk projected on the 
staff, while the right eye observed that the enlarged imag« of 
the disk covered just 58i inches on the staff, which numbei 
was the measure of the magnifying power at the distance an- 
swering to 33 yards 2| feet, which in this case exceeded the 
solar focus by an inch and a half. Then, according to the 
above analogy, we have, as 43.5 : 42 : : 68.5 : 56.5 nearly! 
Hence the magnifying power due to the solar focal length of 
the telescope in question is 56.5, and the distance, 33 yards 



ttt feet, is that which corresponds to an elongation of ib 
sokr focal distance an inch and a half.* If we multiply tlw 
terrestrial and the solar focal distances together, and duiidiQ 
the product by their difierence, we shaU again obtain t})0 
distance of the terrestrial oliject from the telescQp^• ^im 
^^^ 1216 inclm»101-6 leet, or 83 yai^fi 9i SeH. 

The magnifying power of a tdescope is alsj» da(etnme4 
by measuring the hnage which tbe cilneot^'g^ase or 4)^ )aig9 
speculum of a telescope forms at its^oter focus. This ia •^ 
complished by means of an instrument called a DymmmUr* 
This apparatus consi^ of a strip of mothetrtfifi^url* marfeiil 
with equal divisions, from the ^s^ to die ^rsW^ cf am iiMb 
apart, aecOTding to the accuracy required. This saeasioe i^ 
attached to a magnifying lens m its focus, in order io malsB 
the smaQ divisions more apparent. Whsn the power of a 
telescope is required, the person must measuie the cfeia 
aperture of the object-glass ; then, holding the pei^ 1 dyntt' 
meter next the eyeglass, let him oWnre how many divisioAS 
the small circle of light occupies when the instrument is di* 
rected to a bright object ; then, by dividing die diameter ^ 
the objeet-gkss by the diameter of this circle of light, lbs 
power will be obtained.t The nwst accurate instrument it 
this kind k the Double Image B^mameter invei^ed hy Bas9#- 
den, aad another on the same principle now made by DoUc«idt 
a particular description of which may be found in I^. Pear- 
ion's '* Introduction to Practical Astronomy/' The udvan- 
tage attending these d3mametef8 is, that they do not reqniire 
any knowledge d the thickness asd focal lengths of .any ^ 
the lenses employed in a telescope, nor yet of their nusabev 
or relative positions; neither does it make any di^renos 
whether the construction be refracting or reflecting, dinect «r 
inverting. One operation includes the result adsittgirQia 
the most complicated construction. 

I shaU only mention farther tiM following method uf dis- 
covering the magnifying power, which is founded on the 
same general principle as alluded te> above. Let tbe tele- 
scope be placed in such a position opposite the sun th^ the 
rays of light may Ml perpendicularly on the oli^ctrglassj 
the pencil of rays may be received on a piece ci paper, wai 
its diameter measured. Then, as theniiameter of ^the p^^ 
of rays is to that o[ the objeot-gkss, so is the magnifyii^ 
power of the telescope. 

* Pearson's " Practical Astronomy," vol. ii. 

t The mother-of-pearl tlynameter may be purcfasMd lor «bout tw^Slis 
■hiUiogs. Se«6g.57,«,»,e,p.l90. 
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9* On &umf^ the Zm$e9^^ llebBMe0pe$,^^t » nseetf- 
Diiry, m ord^r to d^atioct Tisiou, toat the ffkisees, piuticnlaiir 
tbQ ey$|^?(9$e9 of tdeecopes, be kept pei&ctly el^, free et 
4i^P9 j&9t» <% whale?i^er majr impMb the trannoaksibii of tiife 
jfB^g pf ]%ht ; ^ great oautioo poght ta be exercised in the 
WWX^g pf tb^mt fi» they are apt to be scratched or otheti?it»e 
injureji} by a rough and incautious mode of cleaning them^ 
They should pever be attempted to^ be wiped unless they 
t^a^y r^uii^ it ; and in this case, they should be wiped caiie- 
futfy and gently with a piece of new and soft kunb's-fdda 



ttoather ; if this be not at hand, a piece of fine silk p^ip^^'or 
fine dean linen may be used as a substitute. The lens which 
ifjequires to be most pai^cularly attended to is the second ^ttii 
.frcftn the eye, or the field-glass ; ibr if any dust or other mum- 
pediment be found upon tbis glass, it is always difttin<^ 
fi^en, being magnified by the glass next the eye. The nejU 
l^ass which requires attention is the. fourth from the eye, or 
that which i^ nextihe object. Unless the glass next the eyi 
be very dusty, a few small spots or grains of dust are aeldoik 
perceptible. The object-glass of an achromatic shouid se^K 
C^pm be toUfched unless damp adheres to it. Care should be 
t^u 9j$vQr to u^e pocket-handkerchief or dirty ra^ for 
HCiping li^nse^.. From tbe frequent use of such article the 
glasis/es <^ seamen'fi telescopes, get dimmed and scratched 19 
the eoi^rse of a few years. If the glasses b^ exceedingly 
^4irtyY mi if greasy substances are attached to them, they may 
^ j^saked m ai^rits and water, apxLafterwaid cfmKfulir wiped; 
Ip r^fM^ng t&9 glaives in their socket, care should be ta^«a 
1^ yy t<»ic|) the au^cea with the ingeia, af they woold bd 
p^m»i mih t^ pen^iriation : th^y should Imi Mcea b<Ai of 
if th^^ge* m\y^ mi oatttftdly soKawed ii^ the sune cflj» 
ftwBi whirfi iMy ^"we taken. 

qif jpcaA;iA9)(X)i%s, qr tcxescof es tor viewing vf§^ ^^^ 

OBJECTS. 

It aj^^rs lo have been almost, overioc^ed by opticians and 
g(^x$f ^bat telaacopea may be constructed so as to exhibit t 
beaiiliful and minute view of very near objects, and to pro- 
duce even a microscopic effect, without the least ak6^raefi)n in 
^e. arroAgemcr^ of the lenses of whifdi they axe eooEtpused. 
Thia pbject is ejected simply by making the ayetube o€' a 
l^eeQope of such a tength as to be capable oi bein^ (hawa 
^t iw^fP or tbiiteen inches beyond the point of distinct 
mifm. fo^ difttaftt objeota. Tb^ taieacjopei ia thaQ[ nisO^ 
««94tdit pf eihjbitii{g: mik iif4m mmk UJ kinda^^ ik^dcm 

Vou IX. 26 
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from the most distant to ttiose.whidh are placed witMn ihxee 
or four leet of the instrument, or not hearer than double the 
focal distance of the object-glass. Oar telescopes, however, 
are seldom or never fitted with tubes that slide fiirther thaai 
an inch or two beyond the pcnnt of distinct vision for distant 
objects, although a tube of a longer size than usual, or an 
additicHial tube, would cost but a very trifling expense. 

The foUowiog, among many others, are some of the objects 
on which I have tried many amusing experiments with tele- 
Bcopes fitted up with the long tubes to which I alhide. The 
telfiscope to which I shall more particularly advert is an 
achromatic, mounted <m a pedestal, having an object-glass 
about nineteen inches focal lengtl^ and Ifths of an inch in 
diameter, with magnifying powers for distant dbjeets of thir- 
teen and twenty times. When this instrument is directed to 
a miniature portrait *M inches in length, placed in a- good 
hght, at the distance of about eight, or ten feet, it appears as 
large as an oil-painting four or five feet long, and represents 
the individual as large as life. The features of the face ap- 
pear to stand out in bdd reHef ; and perhaps there is no 
representation of the hunAn figure that more resembles the 
livinfi^ prototype than in this exhibition, provided the mink- 
ture IS finely executed. In this case ^ tube requires to be 
pulled out four or five inches hom the point of distinct visi(xi 
for distant olijects, and consequently the magnifying power is 
proportionally increased. .Another class oi objects to which 
sucn a telescope may be applied is per^ptetive prints^ either • 
erf public buildings; streets, or landscapes. When vievred ia 
this way they present a panoramic i^pearance, and seem 
nearly as natuial as life, just in the same manner as they 
i^pear in the Optical Diagonal Machine, or when reflected 
in a large concave mirror, with this advantage, that while in 
these instruments the left-hand side of th^ print appears 
where the right should be, the objects seen through the tele- 
scope appear exactly in their natural position. In this case, 
however, the teksct^e should have a small minifying 
power, not exceeding five or six times, -so as to take in the 
whole of the landscape. If an astronomical eyepiece be used, 
the print will require to be inverted. 

Other kinds oi objects which may be viewed with this 
instrument are trees, flowers, and other objects in gdidens 
immediately adjacent to the apartoient in which we make 
imr observations. In this way we may obtaiil a di^inct view 
of a variety of riiml objects, wiich we casmot easily t^roach, 
such as tike buds and Uotrans on the tops of tree^ and the 
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insects with which they may be infested. There are certain 
objects on which the telescope may be made to produce a 
powerful micrc^copicai effect, such as the more delicate ana 
beautiful kinds of fiowers, the leaves of trees, and ^milar ob« 
jects. In viewing such objects, the telescope may be brought 
within little more than double the focal distance of the object* 
glass from the objiects to be viewed, and then the magnifying 
power is very consideraUy increased. A nosegay composed 
ci a variety of delicate flowers, and even a single flower, such 
as the sea-pink, makes a splendid appearance in this way^ 
A peacock's feather, or even the fibres on a comaK>n quill, 
appear very beautifalwhen placed in a prqper light. The 
leaves of trees, particularly the leaf of the plane-tree, when 
placed against a window-pane, so that the light may shine 
through them, appear, in all their internal ramifications, more 
distinct, beautiful, and interesting, than when viewed in any 
other way ; and in such views a large portion of the object is 
at once exhibited to the eye. In this cose, the eyepiece of 
such a telescope as that alluded to requires to be drawn out 
twelve or fourteen inches beyond the point of distinct vision 
for objects at a distance, and the distance between these near 
objects and the object-end of the telescope is only about 3i 
feet. 

A telescope having a diagonal eyepiece presents a very 
pleasant view of near objects in this manner. With an in- 
strument <^ this kind I have frequently viewed the larger 
kind of small objects alluded to above, such as the leaves oS 
shrubs and trees, flowers consisting of a variety of parts, the 
fibres of a peacock's feather, and similar objects. In this case, 
the object-glass' of the instrument, which is 10^ inches focal 
length, was brought within 22 inches of the object, and the 
eye looked down upon it in the same manner as when we 
view objects in a compound microscope. A common pocket 
achromatic telescope may be used for the purposes now stated, 
provided the tube in the eyepiece containing the two lenses 
next the object be taken out, in which case the two glasses 
next the eye form an astroiiomical eyepiece, and the tubes 
may be drawn out five or six inches beyond the focal point 
for distant objects, and will produce distinct vision for objects 
not farther distant than about 20 or 24 inches ; but in thus 
case, the objects to be viewed must be inverted, in order that 
they may be seen in th^ir natural positions when'^viewed 
through the instrument. Telescopes of a large size and high 
magnifying powers may likewise be jxsed with advantage for 
viewing very near objects in gardens adjacent to the room in 
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llteAtte itismitneiiitft ftTe pkced, pforidefl tlie didin^-tvb 
llett the eye has a range of two or three inches beyond tba 
ftntt ef vision lor distant objects. In this case, a magnifyhig 

r)W^ ef 100 tiroes on a 8i or a fite feet aehrc^atic produced 
reiry pleasant effect. In makin|f the ob^emtionB to wlfich 
I hare now alluded, it is requisite, in ord^r to distinct virion 
ftnd to obtain a pleasing view of the dbjects, that the instrth 
kk^pid should be placed on a p^estal, and capaUe of looticm 
ih ^ery direction. The adjustment (or distinct vidon maybe 
iftade either \>y the sKding-tube, or by removing die tdi^ci^ 
nearer to tft fkrther from the object. 

liSFIJCCTIONS OU tlOUT AND VISION, AND ON THS NAtUR£ 
AND UTILITY OF TELS9COPE8. 

Light is one of the most wonderful and beneficiiO, and^ 
9 the sktne time, one of the most mysterious agerit^ in iki 
flutterial cMation. Though the sun ^rom which it flows to 
ftiis part of oor system is nearly a hundred millioi» of miles 
fma OUT j^bbe, yet we perceive it as evidently, and feel its 
iaiufnoe tts powe^ully, as if it emanated from no higher a 
mfion ^n the clouds. It anppMes lile imd €(nnfort U> ou^ 
^yadeal system, and without its influence and operations on 
the various objects around us, we could scarcely subsist mi 
psat id bate of enjoyment, for a single hour. It is difiilsed 
«itmnd us dn every hand from its fountain, the sun ; and ev^i 
the stars, though at a disttmce hundreds of thousands of times 
IfraiKter than that of the solar orb, transmit to otur distant re- 
Ifbn a portion of this element. It gives beai^ and fertility 
ID the earth, it supports the vegelaUe and animal tribes, aiMl 
la connected with the various motions which are going for- 
ward throtighottt the system of the universe. It unfolds tb 
US the whole scenery of external nature : the lofty mountains 
l^nd the expansive plains, the majestic rivers and the mighty 
•ocean ; the trees, the flowers, the crysted streams, and this 
vast Canopy of the sky, adorned with ten thousands of shining 
tftrtes. In fehort, there is scarcely an object withia the range 
<$f our contempktion but what is exhilnted to our understand- 
ing through tne medium of light, or at least bear^ a <5ertain 
temtion to this enlivening and universal agent. Wl^n we 
'consider the extreme minuteness of the tttys of light, their 
Inconceivable velocity, the invariable laws by W^ich they act 
'upon all bodies, the multifarious phenomena produced by 
their inflections, refractions, and reflections^ wbil^ their origi- 
nal properties riemain the same ; theendless vliriety of odours 
'Amf pi'kla^ dA every {ntrt of our terrestrial ereaiion« and the 
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fii^ty with which miUions of rays pass throagh the smallest 
apertures, and pervade substances of great density, while 
every ray passes forward in the crowd without disturbing 
another, ana produces its own specific impression, we can- 
not but regard this element as the most wonderful, astonish- 
ing; and dehghtfiil part of the material creation. When we 
consider the admirable beauties and the exquisite pleasures 
of which light is the essential source, and how ijAUch its na- 
ture is still invcdved in mystery, notwithstanding the profound 
investigations of modern philosophers, we may well exclaim 
with t& poet, 

"How then shall I attempt to sinff of Him 
Who, Hffht himself, in uncreated tight 
lav^stea deep, dwells awfiiUjr retired , 
From mortal eye or angel's purer ken ; 
Whose single smile has, from the first of time, 
FUled, overflowing, all yon lamps of heavea. 
That beam for evec throagh the houndless sky/* 

, Thovsoit. 

The eye is the instrument by which we perceive the 
beautiful and multifarious effects of this universal agent. Its 
delicate and complicated structure ; its diversified muscles ; 
its coats and membranes v its different humours, possossod 
of different refractive powers ; and the various contrivances 
for performing and regulating its externa] and internal mo- 
tions, so as to accomplish the ends intended, clearly dec^on- 
stmte this organ to be a masterpiece of Irvine mechanism — 
the workmanship of Him whose intelligence surpasses con- 
ception, and whose wisdojaci is imsearchable. ^' Our sight,!' 
says Addison, ^' is the most perfect and delightful of afi our 
senses. It fills the mind with the jargest variety of. ideas, 
cmi^yerBes with it3 objects at the greatest distance, and c(m- 
tiaues the longest in action, without being tired or satiated 
with its proper eiuoyments. The. sense of feeling can indeed 
give us a^ notion of extension, shape, and all other ideas that 
enter the eye except cdours ; but, at the same time^it is very 
much strained, and .confined in its operation to the xuimber, 
bulk, and distance of its particular objects. Our sight seems ' 
designed t * supply all these defects, and may be considered 
as a more delic(^e and diffii^ve kind of touch, that spre^ 
itself over an infinite multitude of bodies, comprehends the 
largest figures, and brings into our reach some of the move 
remote parts of the universe." 

Could we suppose an oriet of beings endued with cfsfjr 
human faculty Imt that of sight, it would appear incredible 
to such beings* accustomed only to the slow^iafermation of 
/ ' 25* 



totieh, that by the addition of an ovfimn connttbg of a baU-ioMi 
lioeketf of an inch in diameter, they might be enabM* in an 
jttiiant of time, withont changing their place, to perceive the 
diapoBitiott of a whole army, the order of a batde, the §gtm 
of a magnificent palace, or aU the rariety of a landscape. Ifa 
man were If ieehng to find out ihe firure of the Pisak of 
Tenerifie, or eren of St. Peter^ Church at Rome, it wo«ild 
be the work of a lifetime. It would appear still more incre- 
dible to such beings as we hare sup^Ksed, if they were in- 
loaned of the discoreries which miy be made by this little 
organ in thin^ far beyond the reach of any other-a^Mte, that 
by means of it we can find our way in the pathless ocean ; 
that we can traverse the gbbe of the earth, determine ito 
figure and dimensions, and delineate every region of it ; yea, 
that we can measure the planetary orbs, and nuike discove- 
ries in the spheae of the fixed stars. And if they were farther 
informed that, by means of this same organ, we can perceive 
the tempers and dispositions, the passions and afilections d 
'Mr felW^creamres, even when they want most to eodceal 
diem ; that when the tongue is taught most anMly to liisi^ 
diasemUe, the hypocrisy ^U)uld appear in the c6«uM«Eianee 
to m discerning eye; and that by this orffan we cut often 
^pQVceire what is straight and ^hat ctrooked ih the- mind m 
wall as in the body, would it not appear still tncteast^iitthing 
*SD beibgs such as we have now supposed t* 

Notwithstanding these wonderful properties of the oigan 
of Tision, the eye, when unassisted hj art, a compartttifefy 
'limited in the ranse of its powers. It cannot asoertain tw 
existence ci certam objects at the distance of three or four 
miiss, nor perceive what is going forward in natlire Or art 
beyond such a limit. By its natural powers we percerre tl^* 
BMvon to be a globe about hidf a degfCte in diamet^, and 
diversified with two or three dusky spots, and that the sitti 
is a luminous body of apparently the same size ; that die 
4)lBnets axe luminous points, and that abottt a thousand stan 
«xist in the visible canopy of the sky> But the ten thou- 
sandth part of those luminaries which are within the reach 
of human vision can never be seen hy the unassisted eye. 
Here the TfexxsooPK imerposes, and adds a new power to the 
ctgan of vision, by which it is enabled to extend its views to 
^cegiDns of space immeasnrably distant, and to objects, the 
number and ma^itude of which could never otherwise have 
'h0Ha attimiaed by the human imagination. By its aid we 

•VM't Inqairy imo tlt« Hottiq Mind, dktp. if. 
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^ilam a sonstble demonstration that apace is boundless ; that 
^e uttirexse is replenished with innumerable suns and 
worlds ; that the remotest regions of immensity, immeasur- 
Mj beyond the limits of unassisted yision, display the 
enei^gies ef Creating Power; and that the empire of the 
Oreater Jsztends £ur beyond what eye hath seen or the hiunan 
imagination can conceire. 

The telescope is an instrument of a much more wonderful 
natare dian what most pec^le ore i4;>t to imagine. However 
popular such instruments now are, and however common a 
eircumstance it is to contemplate objects at a, great distance 
which the naked eye cannot discern, yet, prior to their in- 
▼entinn and improvement, it would have appeared a thing 
most mysterious, if not impossible, that objocts at the distance 
of tes miles could be made to appear as if within a iew yards 
cf us, and ^lat some of, the heavenly bodies could be seen as 
distiM^ as i£ we had been transported by some superior 
poif er hundreds of millions of miles bey<md the bounds of our 
terrestrial habitation. Who could ever have imagined, rea- 
sttiiiig d pri^rU that the refiraoticm of light in glass-^-the same 
ipower by* which a straight rod appears crooked in water, by 
wiiioh Tision is variously distorted, and by which we are 
'fiable to innumereUe deceptions"— that that same power or 
• law of nature, by the operation of which the objectis in a 
landscape appear distorted when seen through certain panes 
6f ^BMi ill our windows, that that power should ever be so 
'mcxiified ami directed as to extend^tiie boundaries of vision, 
and enable ub clearly to distinguish scenes and objects at a 
distance a thousand times beyond the natural limits of our 
vistial orgims ? Yet such are the discoveries which science 
has achieved, such the powers it has brought to light, that by 
glasses ground into different forms, and properly adapted to 
each other, we are enabled, as it were, to contract the bounda- 
ries of space, to penetrate into the most distant regions, and 
to bnng within the reach of our laK)wledge the most sublime 
objects in the universe. 

When Piiny declared in reference to Hipparchus, the 
ancient astronomer, ^^AimjuTrem Detyimprobam nnnumerare 
potteris stelku,''^ — that ^ he dared to enumerate the stars for 
posterity, an undertaking forbidden by Grod," — ^what would 
that natural historian have said had it been foretold that in 
less than 16D0 years afterward a man would arise who should 
enable posterity to perceive and to enumerate ten tinges more 
new stars than Hipparchus ever beheld—who should pornt 
out hiTgher mfmntains on the moon than on the earth — ^who 
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should discover dark spots as large as our g^obe hi the suii 
the fountain of light-— who should descry four moens revel- 
ing in different periods of time around the planet Jupiter, and 
could show to surrounding senators the reaying phases of 
Venus? and that another would soon afler rise wno ahouM 
p<Hnt out a double ring of six hundred thousand miles in dr- 
cumference revolving around the planet Saturn, and ten 
hundreds of thousands of stars which neither Hippaichus nor 
any of the ancient astronomers could ever descry ? Yet these 
are only a small portion of the discoveries made by Chdileo 
and Herschel by means of the telescope. Had any oik pro- 
phetically informed Archimedes, the celebrated geotnetrickn 
of Syracuse, that vision would, in after ages, be thus wond^- 
fiilly assisted by art ; and, ftirther, that one manner of kor 
proving vi8i<m would be to place a dark, opaque-hodj directly 
between the object and the eye ; and that another inethoa 
would be, not to look at the object, but to ke^ ti^ eya' quite 
in a difierent, and even in an opponU direction, or to stand 
with the back directly opposed to it, Mid to behold all the 
paits of it, invisible to the naked *eye, most distinctly in tias 
way, he would doubtless have considered the prc^net as an 
enthusiastic fool or a raving madman. Yet these thn^ 
have been realized in modem times in the fullest extent, hk 
the Ghiegorian reflecting telescope, an opaque body, namely, 
the smaU speculum near the end of the tube, interposes m* 
redly between the eye and the object. In the Kewtcmmn 
reflector, and in the diagcmal eyepieces formerly described, 
the eye is directed in a Ime at right angles to the object, or a 
deviation of 90 degrees from the direct hne of viaicm. In 
Herschel's large telescopes, and in the Aerial R^tdor 
formeriy described (in p. 224-294,) the back ^ turned to the 
object, and the eye in an opposite direction. 

These circumstances should teach us humility and a be- 
coming diffidence in our own powers ; and thev slKmld 
admonish us not to be too dogmatical or peremptory m affirm- 
ing what is possible or impossible in regard either to nature 
or art, or to the operations of the Divine Being. Art has 
accomplished, in modem times, achievements in regard to 
locomotion, marine and aerial navigation, tte improvement 
of vision, the separation and combiiuUions of invisible gases, 
and numerous other objects, of which the men of former ages 
could not have formed the least conception ; iand even .yet we 
i an set no boundaries to the future discoveries ci science and 
the improvements of art, but have every reason to indulge 
the hope that, in the ages to come, seenes of Divine mechanism 
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m the fiyMem of nature will be tmfolded, and the effects of 
chemical and mechanical powers displayed, of which the 
human mind, in its present state of progress, cannot form the 
most imperfect idea. Such circumstances likewise should 
teach us not ^o reject any intimations which have been made 
to us in relation to the cnaracter, attributes, and dispensations 
of the tHvine Being, and the moral revelations of his will 
given in the Sacred Records, because we are unable to com 
prehend every truth and to remove every difficulty which 
relates to the moral government of the Great Ruler of the 
universe ; for if we meet with many circumstances in secular 
science, alid even in the common operations of nature, which 
are difficult to comprehend — ^if even the construction of such 
telescopes as we now use would have appeared an incompre- 
hensible mystery^ to ancient philosophers, we must expect to 
find difficulties almost insurmountable to such limited minds 
is burs in the eternal plans and moral arrangements of the 
"King Immortal and Invisible," as delineated only in their 
outlines in the Sacred Oracles, particularly those which relate 
an the orig^ of physical and moral evil, the uhimate destiny 
-df man, fend the invisible realities of a ftiture world. 

The xmLrrr of the telescope may be considered in relation 
Id the fedlowing circumstances : 

In fee first place, it may be considered as an instrument 
or machine which virtually transports us to the distant regions 
tf spiEice. When we look at the moon through a telescope 
Irhich magnifies 200 times, and survey its extensive plains, 
its lofty peaks, its circular ranges of mountains, throwing their 
deep shadows over the vales, its deep and rugged caverns, 
And all the other varieties which appear on the lunar surface, 
we behold such objects in the same manner as if we were 
standing at a point 238,800 miles from the earth ih the di- 
rection of the moon, or only twelve hundred miles from that 
orb, reckoning its distance to be 240,000 miles. When we 
view the planet Saturn with a similar instrument, and obtain 
a view of its belts and satellites, and its magnificent rings, we 
are transported, as it were, through regions of space to a point 
in the heavens more than nine hundred rniiliona of milei 
from the surface of our globe, and contemplate those august 
objects as if we were placed within ^ve millions of miles of 
die surface of that planet.* Although a supernatural power 

^ The distance of Saturn from the sun is 906,000,000 of miles ; it m 
itomecimes nearer to, and at other times farther from the earth, accord* 
ng •! it is near the point of its opposition to, or conjunction with tb» 
•an. If this number be divided by 900, th^ euppoee^ magaiffing poii^ 
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sufficient to carry us in such a celestial journey a thousand 
miles every day were exerted, it would require more than 
two thousand four hundred and sixty years before we could 

' arrive at such a distant position ; yet the telescope, in a few 
moments, transports our visual powers to that hr distant point 
of space. When we view with such an instrument the minute 
and very distant clusters of stars in the Milky Way, we are 
.carried, in efiect^ through the regions of space to the distance 
of Jive hundred thomand millions of mUes from the earth ; 
for we behold those luminaries through the telescope nearly 
as if they were actually viewed from such a distant point in 
the spaces of the firmament. These stars cannot be con- 
ceived as less than a hundred billions of miles from our 
globe, and the instrument we have supposed brings them 
within the two hundredth part of this distance. Suppose we 
were carried forward by a rapid motion towards this point. at 
the rate of a thousand miles every hour, it would requise 
more than fifty-seven thousand years before we could reach 
that very mstant staticm in space to which the telescope, in 
effect, transports us: so that this instrument is far more 
efficient in opening to our view the scenes of the universe, 
than if we were invested with powers of locomoticai to carry 
us through the regions of space with the rapidity of a cannon 
ball at its utmost velocity ; and all the while we may sk at 
ease in our terrestrial apartments. 

In the next place, the telescope has been the means of 

' enlarging our views of the sublime semes of creation more 
than any other instrument which art has contrived. Before 
the invention of this instrument, the universe was generally 
conceived as circumscribed within very narrow limits. The 
earth was considered as one of the largest bodies in creation ; 
the planets were viewed as bodies of a far less size than what 
they are now found to be ; no bodies similar to our moon were 
suspected as revolving around any of them ; and the stars 
were supposed to be little more than a number of brilliant 
lamps hung up to emit a few glimmering rays, and to adorn 
the canopy of our earthly habitation. Such a wonderful 
phenomenon as the ring of Saturn was never once suspected, 
and the sun was considered as only a large ball of fire. It 
was suspected, indeed, that the moon was diversified with 

of the telescope, the quotient is 4,530,000, which expresses the distance 
in miles at which it enables us to contemplate this planet. If this num- 
ber be subtracted from 906,000,000, the remainder is 901,470,000, which 
expresses the number of miles firom the earth at which we Bxe supposed 
to view Saturn with such «n iastnunent. 
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Bi0Q]iteins and rales, and t}aX it migiit possibly be a habit* 
able world; but nothiiig certainly could be determined on 
this point, on account of the limited nature of unassisted 
vision. But the telescope has been the means of expanding 
our views of the august scenes of creation to an almost unli- 
mited extent: it has withdrawn the veil which formerly 
interposed to intercept our view of the distant glories of the 
aty : it has brought to light five new planetary bodies, un- 
known to former astronomers, one of which is more than 
eighty times larger than the earth, and seventeen secondary 
planets which revolve around the primary : it has expanded • 
the dimensions of the solar system to double the extent which 
was formerly supposed : it has enabled us to descry hundreds 
of comets which would otherwise have escaped our unassisted 
vision, and to determine some of their trajectories and periods 
of revolution : it has explored the profundities of the Milky 
"Sfky,and enabled us to perceive hundreds of thousands df 
Aose splendid orbs, where scarcely one is visible to the nake^ 
eye : it has laid open to our view thousands of Nebulse, of 
various descriptions, dispersed through different regions of 
the firmament, many of them containing thousands of sepa- 
rate stars r it has directed our investigations to thousands of 
double, treble, and muhiple stars— ^suns revolving around 
suns, and systems around systems; and has enabled. us to 
determine some of the periods of their revolutions : it has 
denwnstrated the immense distances of the starry orbs from 
our globe, and their consequent magnitudes, since it shows us 
that, having brought them nearer to our view by several hun- 
dreds or thousands of times, they still appear only as so many 
shiiuBg points: it has enabled us to perceive that mighty 
changes are going forward throughout the regions of hn- 
mensity — new stars appearing, and others removed ftom our' 
view, and motions of incomprehensible velocity carrying for- 
ward those magnificent orbs through the spaces of the finna 
ment : in short, it has opened a vista to regions of space sd 
ii&measurably distant, that a cannon ball impelled with its 
greatest velocity would not reach tracts of creation so remote* 
in two thousand millions of years ; and even light itself, the 
swiftest body in nature, would rec^uire more than a thousand 
years before it could traverse this* mighty interval. It has 
thus laid a foundation for our acquiring an approximate idee 
of the infinity of space, and for obtaining a ^impse of the far • 
distant scenes of creation, and the immense extent of the 
universe. 
Again, the telescope, in consequence of the discoveries it 
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has enabled tis to make, has tended to tM^Ify our ( 
tioriB of the attribute* and the empire of the Ddty. Il 
amplitude of our conceptioos of tke DlTine Being bears a 
certain proportion to tke ezpansioti of our uiews in regard to 
bis worKS of creation* and the operations he is ino^mnlj 
carrying forward throughout the uniTcrse. If our views of 
the worics of Qod, and of the manifestations he has given of 
himself to his intelligent creatures, be circumscribed to a rmx*. 
row sphere, as to a parish, a province, a kingdom, or a stngia 
world, our conceptions of that Qreat Being will be pit^r^ 
•tionably limited; for it is chiefly from the majufefltatuBi of 
God in the material creation thai our ideas of his poweiv hia 
wisdom, and his other natural attributes are derived* Bni 'm 
proportion to the ample range of prospect we are enabled tft 
tdce of the operations of the Most High, will be our concept 
tions of his cnaracter, attributes, and agency. Now the tebr 
scope, more than any other invention of man, has tendejgpl 
open to our view the most magnificent and extensive proepedk 
of the works of God ; it has led us to ascertain that, wHhin 
the limits ' of the solar system, there are bodies which, tak^ 
together, comprise a mass of matter nearly two thousand five 
hundred times greater than that of the earth ; that these txK 
dies are all constituted and arranged in such a manner as ^ 
fit them for being habitable worlds ; and that the sun, the 
centre of this system, is five hundred times larger thaa the 
whole. But, far beyond the limits of this system, it has pre^ 
aented to our view a universe beyond the grasp of finite intek 
ligences, and to which human ima^nation can assign w 
boundaries : it has enabled us to descry suns clusteiiAg be*, 
hind suns, rising to view in boundless pecspective, in psoj^CN}- 
tion to the extent of its magnifying and illuminating powen, 
the numbers of which are to be estimated, not mei^y by 
thousands, and tens of thousands, and hundreds of tbQiisail4i» 
but by scores of mitlion9f leaving us no room to dou^ A^ 
hundreds of millions more, beyond the utmost limits c^ hwnaii 
vision, even when assisted by art, lie bid from mortal view m 
the unexplored and unexplorable regions of immensity. 

Here, then, we are presented with a scene which gives us 
a display of Omnipotent Power which no other objects can 
unfold, and which, without the aid of the telescope, we should 
never have beheld ; a scene which expands our conceptions 
of the Divine Being to an extent which the men of iormer 
generations coidd never have anticipated; a scene which 
ejiables us to form an approximate idea of Him who is tb^ 
««Kiag £^»mal« ImmoiM md fovUbW wb» ""^^r^iM^ iU 
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worids, and for whose pieasure they are and were created.** 
Here we hehold the operations of a Being whose power is 
ilHmitable and uncontrollable, and which ^r transcends the 
comprehension of the highest created intelligences; a power, 
displayed not only in the yast extension of material existence, 
ima the cpantless nnmher of mighty globes which the uni- 
Terse contains, bat in the astonishinghr rapid motioru with 
which myriads of them are carried ak>ng through the im- 
measurable spaces of creation, some of those magnificent orbs 
moving with a velocity of one hundred and seventy thousand 
miles an hoar. Here, Ukewise, we have a display of the 
infinite tfiadom and intelligence of the Divine Mind, in the 
harmony and order with which all the mighty mtovements of 
the universe are conducted ; in proportionating the magnir 
tndes, motions, and distances of the planetary worlds ; in tbe 
nice adjustment of the projectile velocity to the attractive 
]M|p^ ; in the constant proportion between the times of the ' 
periodical revolution of the planets and the cubes of their 
m^m distances ; in the distances of the several planets from 
the central body of the system, compared with tl^eir respec- 
tive denaiHes; and in the constancy and regularity of their 
motions, and the exactness with which they accomplish their 
destined rounds— «U which circumiStances evidently show 
that He who contrived the universe is '< the only wise God," 
who is "wonderful in counsel and excellent in working." 
Here, in fine, is a <foplay of boundless benevolence j for we 
cannot suppose, for a moment, that so many myriads of mag- 
nificent glc^s, fitted to be the centres of a countless number 
of migJity worlds, should be nothing else than barren wastest 
without the least relation to intelligent existence ; and if they 
are peopled with intellectual beings of various orders, how 
vast must be Uieir numbers, and how overflowing that Divine 
Beneficence which has provided for them all every thing 
remiisite to their existence and happiness. 

in these discoveries of the telescope we obtain W glimpse 
of the grandeur and the unlimited extent of Grod's universal 
empire. To this empire no boundaries can be perceived. 
The larger and the more powerful our telescopes are, the 
&rther are we enabled to penetrate into those distant and un- 
known regions; and however far we penetrate into the abyss 
of space, new objects of wonder and magnificence still con 
tiftue rising to our view, afibrding the strongest presumption 
that, were '^^e to penetrate ten thousand times farther into' 
those remote spaces of immensity, new suns, and systems. 
Hid worlds wtmld be disclosed to our view^. Over all thit 

Vol. IX. 26 
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Tftst assemblage of material existence, and brer alFte seusH 
tive and inteUectual beings it contains, God cternaHy and 
unchangeably presides ; and the minutest mov^emetits, eithef 
of the physical or the intelligent system, thronghout erery 
department of those vast dominions, are at evtery moment 
" naked and open" to his omniscient eye. What botmdkm 
mteHigenee is implied in the stmerintmdmce and arrange* 
ment of the a^irs of snch an unlimited empire ! and what a 
lofly and expansive idea does it convey of Him who aits oa 
the throne of Universal Nature, and whose neatness is un- 
searchable ! But without the aid of the tefescqptc tube we 
could not have formed such ample conceptions d the great- 
ness, either of the Eternal Creator himself, or of the i mi v ej a e 
which he hath brought into existence. 

Besides the above, the following uses of the telescope, in 
jelation to science and common life, may be shortly noticed: 

In the business of astronomy, scarcely any thing cas^ 
done with accuracy without the assistance ot the te)esc(^. 
1. It enables the astronomer to determine with precision the 
trcmaita of the planets and stare across the meridian; and on 
the accuracy with which these transits are obtained, a variety 
of important conclusions and calculations depend. The com- 
putation of astronomical and nautical tables ibr aiding the 
navigator in hiis voyages round the globe, and facilitating hm 
calculations of hititude and longitude, is derived from obser^ 
vations made by the telescope, without the use of which in- 
strument they cannot be made with precision. 2. The tqh 
parent diameiers of the planets can only be measured by 
means of this instrument, rumished with a micrometer. By 
the naked eye no accurate measurements of the diameters ox 
these bodies can be taken ; and without knowing their appa- 
rent diameters in minutes or seconds, their real bulk cannot 
be determined, even although their exact distances be known. 
The differences, too, between the polar and equatorial diame* 
ters cannot be ascertained without observations made by 
powerful telescopes. Fot example, the equatorial diameter 
of Jupiter is found to be in prq)ortion to the polar as 14 to 1% 
that is, the equatorial is lao/te than 6000 milea longer thali 
the polar diameter, which could never have been determined 
by observations made by the naked eye. 3; The pearedlaxee 
of the heavenly bodies can only be accurately ascertained by 
the telescope ; and it is only frt)m a knowledge of their gai* 
rallaxes that their distances from the earth or from the sutt 
can be determined. In the case of the fixed stars, nothing 
of tne nature of a paidlax could* ever be expected to jbe^iSuM 
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wUmnA the aid of ft telescope. It was by searcbiog for the' 
pa ra ll ax of a ceitain fixed star that the important fact of the 
Abtrraiwn f^ Light was discovered. The observations for 
this purpose were made by means of a telescope 24 feet long, 
fixed Ib % certain position. 4. The motions and revolutionary 
pmocb of SUdereal Sy^tetns can oaly be determined by ob- 
servadicxis made by telescopes of great magnifying and illu- 
iwinating powers. Without a telescope the small stars which 
accompany douUe or treble stars cannot be perceived, and 
moGhless their motions or vadation qf their relative posi- 
tmis. Befoi9 the invention of the telescope, such phenomena, 
now deemed so wonderful and interesting, could never have 
heem surmised. 5. The accurate determination of the longi- 
tude of places on the earth's sur£abce is ascertained by the 
tdesoope, by observing with this instrument the immersions 
a g^ff nersyms of the satellites of Jupiter. From such obser- 
mSgkB9 with the aid of a chronometer, and having the time 
Jriny known place, the situation of any unknown place is 
easily determined. But the eclipses of Jupiter's moons can 
be perceived only by telescopic instruments of considerable 
power. 6. By means of a telescope with cross hairs in the 
£)cus of the eyeglass, and attached to a quadrant, the ahitude 
of the sun or of a star, particularly the pole star, may be most 
accurately taken, and from such observations the latitude of 
the place may be readily and accurately deduced* 
Again« in the Surveying of Land, the telescope is particu- 

a useful ; and for this purpose it is mounted on a stand 
a horizontal and vertical motion, pointing out by divi- 
siona the degrees and minutes of incHnation of the instrument. 
For the more accurate reading of these divisions, the two 
limbs are furnished with a nonius, or Vernier's scale. The 
object here is to take the angular distances between distant 
objects on a plane truly horizontal, or else the angular eleva- 
tion or depression of objects above or below the plane of the 
horizon. In order to obtain either of those kinds of angles to 
« requisite degree of exactness, it is necessary that the sur- 
veycMT should have as clear and distinct a view as possible of 
tie objects, or station-staves, which he fixes up for his pur- 
pose, that he may with the greater certainty determine the 
Soint of the object which exactly corresponds with the line 
e is taking. Now, as such objects are generally at too great 
a distance for the surveyor to be able to distinguisb with the 
naked eye, he takes the assistance of the telescope, by which 
he obtains, 1, a distinct view of the object to which his atten- 
tioa is diu^ctady and, 2, he i^ enabled to determine the predae 
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point of the object aimed at W means of the cross kairsm tbe 
focus of the eyeglass. A telescope mounted for this purpose 
is called a Theodolite^ which is derived from two Greek 
words, 9(o/«a», to aee, and o5o(, the way or dhtan^. 

In the next place, the telescope is an instrument of special 
importance in the conducting of Telegraphs, and in the coH' 
Tey^nce of signals of all descriptions. Without its assistance 
telegraphic despatches could not be conveyed with accuracy 
to any considerable distance, nor in quadruple the time in 
which they are now communicated, and the different stations 
would need to be exceedingly numerous ; but, by the assist- 
ance of the telescope, information may be communicated, by 
a series of telegraphs, with great rapidity. Twenty-eeven 
telegraphs convey information from Paris to Calais, a distance 
of one hundred and sixty miles, in three minutes ; twenty- 
two from Paris to Lisle in two minutes ; forty-six from Sima- 
bure^ to Paris in four and a half minutes ; and cightyflb 
Pans to Brest in ten minutes. In many other cases wm% 
occur both on land and sea, the telescope is essentially requi« 
site for descrying signals. The Bell-Rock Lighthouse, foi 
example, is situated twelve miles from Arbroath, and from 
every other portion of land, so that the naked eye ccmld not 
discern any signal which the keepers of that light could have 
it in their power to make ; but by means of a large telescope 
in the station-hou]^ in Arbroath, the hoisting oi a bail every 
morning at 9 a. m., which indicates that " AU is well,'* may 
be distinctly recognised. 

Many other uses of this instrument, in the ordinary trass- 
actions of life, will readily occur to the reader, and therefore 
I shall cmiy mention the following purpose to which it may be 
applied, namely, 

To measure the Distance of atjt Object from one Station. 
— ^This depends upon the increase of the focal distance of the 
telescope in the case of near objects. Look through a tele- 
scope at the object whose distance is required, and adjust the 
focus till it appear quite distinct ; then slide in the drawer 
till the object begins to be obscure, and mark that place <rf the 
tube precisely ; next draw out the tube till the object begins 
to be again obscured, and then make another mark as before; 
then take the middle point between these two marks, and that 
will be the point where the image of the object is formed most 
distinctly, which is to be nicely measured frcwn the object- 
tens, and compared with the solar focus of the lens or tele- 
scope, so as to ascertain their difference. And the rule for 
findii^ the distance is, as the differenqd between the foca 
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distance of the object and the solar focal distance is to the 
solar focal distance, so is the local distance of the object to its 
true distance from the object-lens. An example will render 
this HuUter mote pprspicuoos : 

Figum 8i, 





Let A B {&g. 84) be the object-lens, E Y the eyegiaas, 
FC the radius, or focus of the lens A B, and C/ the focal 
distance d* the object O B, whose distance is to be n^easu^. 
^^w suppose C F sa 48 inches, or four feet, and that we £nd 

^he above method that Cf is 50 inches, then F/ is tw» 
les ; and the analc^y is, as F/ te3i8toCF«48, so is 
C/=60toC€t = l^MJO inches, or 100 feet. Again, suj^pose 
Cf = 40 inches, then will P/ =« I inch ; and the propor- 
tion is, 1 : 48 : : 49 : 2352 «aC, or 196 feet. A telescope 
of this focal length, however, will measure only small dis- 
tances. But suppose A B a lens whose sdiar focus is 12 feet, 
or 144 inches, and that we find by^the above method that C/, 
or the focal distance of the object, is 140 inches, then will F/ 
be two inches, and the proportion will be as 2 : 144 : : 146 : 
21,024 inches, or 1752 feet => the distance Q, C. If with such 
a large telescope we view an object O B, and find F/ but 
^th of an inch, this will give the distance of the object as 
17,292 feet, or liearly 3 jd miles. 

Since the difference between the radius of the object^lens 
and the focal distance of the object is so considerable as two 
inches in a tube of four feet, and more than twelve indies in 
one of twelve feet, a method might be contrived for determin- 
ing the distai^ee (^ near objects by the former, 4ind mc^e dis- 
tant objects by the latter, by inspection only. This xdaj be 
done by adjustmg or drawing a spind line round the drawer 
or tube through the ttoo-irich apace in the small telescope, 
and by calculation graduate it for every 100 feet and the in- 
termediate i&ches, and then, at the same time we view an 
object, we may see its distance on the tube. In making such 
experiments, a common object-glass of a long focal fength, 
and a single eyeglass, are all that is requisite, since the in- 
verted appeamnce of the object' can cause no gseat inooQV4: 
nience. 

26* 



806 MBTHOD OF.G&IHDIKa LBKSBS. 



CHAPTER Vn. 

ON TBB METHOD OF ORIMDINO AND rOUSHINO OPTICAL 
LENSES AMD SPECULA. 

I ORiGiNALLT intended to enter into particular details on 
this subject for the purpose of gratifying those mechanics and 
others who wish to amuse themselves by constructkig tele- 
scopes and other optical instruments for their own use ; but, 
having dwelt so long on the subject of telescopes in the pre- 
ceding pages, I am constrained to confine myself to a very 
geneni sketch. 

1. 7b grind and polish Lenses for Eye^asses^, Micro- 
scopes, ^c.-^First provide an uprignt spindle, at the ^bottom 
of which a pulley is fixed, which must be turned by a wh^el 
by means of a cord and handle. At the top of the spj^B| 
make a screw the same as a lathe-spindle, on which you iHP 
screw chocks of difil^nt sizes, to which the brass tool in 
which the lens is to be ground may be fixed. Having fixed 
upon the breadth and focal length of the lens, and wjiether it 
is to be a piano or a double convex, take a piece of tin-plate 
or sheet copper, and with a pair of compasses draw an arch 
upon its surface, near one of its extremities, with a radius 
equal to the focal distance of the lens if intended to be double 
convex, or with half that distance if it is to be plano-convex. 
Remove with a file that part of the copper which is without 
the circular arch, and then a convex gauge is formed. With 
the same radius strike another arch, and having removed that 
part of the copper which is within it, a concave gauge wfll 
be obtained. The brass tool in which the glass is to be 
l^und is then to be fixed upon a turning-lathe, and turned 
mto a portion of a concave sphere, so as to correspond to the 
convex gau^. In order to obtain an accurate figure to the 
concave torn, a convex tool of exactly the same radius is 
generally formed, and they are ground one upon another with 
Sour of emery, and when they exactly coincide they are fit 
rfor use. The convex tool will serve for grinding concave 
glasses of the same radius; and it should be occasionally 
ground in the concave tool to prevent it from altering its 
figure. . 

The next thing to be attended to is to prepare the piece of 
glass which is to be ground, by chipping it in a circular 
«hape by means of a large pair of scissors, and removing the 
roughness from its edges by a common grindstone. The 
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JoMces of the glass. near the edges should likewise b^ ground 
on the grindstone till they nearly 'fit the concave gauge, by 
which the labour of ffrinding in the tool will be considerably 
saved* The next thing, required is to prepare the emery fo* 
grinding, which is done in the following manner : Provide 
iowt car five th&n earthen vessels; fill one of them with 
wetter, and put into it a pound or half a pound of fine emery, 
and stir it about with a stick ; after which, let it stand three 
or four seconds, and then pour it into another vessel, which 
.may stand about ten seconds ; then pour it ofiT again into the 
several vessels till the water is quite clear, and by this means 
•emery of diflferent degrees of fineness is obtained, which must 
be kept separate from each other, and worked in their premier 
order, beginning at the first, and working off all the marics of 
the grindstone ; then take of the secomi, next of the third, 
j^., holding the glass upon the pan or tool with a Ug^t hand 
JBten. it comes to be nearly fit for poUshing. The g^ss, in 
^Bs operation, should be cemented to a wooden handle by 
means of pitch or other, strcmg cement. After the finest 
emery has been used, the roughness which remains may be 
taken away, and a slight polish given, by grinding the glass - 
with pounded pumice-stone. Before proceeding to the polish- 
mgs the glass should be^ ground as smooth as .possible, and all 
the scratches erased, otherwise the polishing will become a 
tedious process. The polishing is performed as follows : Tie 
a piece of linen rag or fine cloth about the tool, and with fine 
putty, (calcined tin,) or colcothar of vitriol, (a very fine pow- 
der, sometimes called the red oxide of iron,) moistened with 
water, continue the grinding motion, and in a short time there 
will be an excellent polish. 

. In order to grind lenses very accurately for the finest op- 
tical purposes, particularly object-glasses for telescopes, the 

able 



CQUcave tool is firmly fixed to a table or bench, and thie i 
wrought upon it by the hand with circular strokes, so that its 
cei^re may never go beyond the edges of the tool. For 
every six or sev€!n circular strokes, the glass should receive 
IwQ or three. cross ones aloQg the diameter of the tool, and in 
different directions ; and, while the operation is going on, the 
convex tool should, at the end of five minutes,' be wioug^ 
upon the concave one for a few seconds, in order to preserve 
the same curvature to the tools and to the glass. The finest 
polish is generally given in. the foDowing way: Cover the 
concave tool with a layer of pitch, hardened by the addit^n 
->{ a little rgsin, (o the thickness of y^^th ;0f an inch ; then, 
tmvm'fr taken a piece of thin writing paper, press- it upon the 
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Murfcee of the pitch with the canrex tod, tmi pott the piper 
quickly from the pitch hefore it has adhered to it ; and if the 
surface of the pitch is marked everywhere with the lines of 
the paper, it will be truly spherical. If any paper rCTnains 
on toe sur£ftce of the pitch, it may be rubbed m by soap and 
water; and if the marks of the paper should not appear on 
«ny part of it, the operation must be repeated till the poliriier 
Of bed of pitch is accurately spherical. The gkss is then to 
be wrought on the polisher by circular and cross strokes with 
the putty or colcothar till it has recmved a complete pdish. 
When one side is finished, the glass must be separated from 
its handle by inserting the point of a knife between it and 
the pitch, and giving it a gentle stroke. The pitch which 
remains upon the guss may be removed by rubbing it with a 
little oil, or spirits of wine. The operation of pdishing on 
doth is slower, and the polish less perfect than on pitch ; hnt 
it is a mode best fitted for those who have little ex|»erie4P^ 
and who would be apt, in the first iniltance, to injure Jm 
^vae of the lens by potishing it on a bed of pitch. 

2. On ike Method of caeting and grinding the Speetda 
^R^Ucting 7Weseopef.-*The first thing to be considered 
in the fonnation of reflecting telescopes is the compoaiiion of 
the metal oi which the specula are made. The qaalkies re- 
quired are, a sound, uniform metal, Iree from all microscopic 
pores — ^not liable to tarnish by absorption of moisture from 
the atmosphere — not so hard as to be incapable of taking a 
good figure and pdish, nor so sdi as to be easily scratched, 
and possessing a high reflecting power. Various composi- 
ti<ms have be^ uneifoT this purpose, of which the following 
are specimens: Take of good Swedish copper S2 ounces, 
and when melted, add Hi ounces of grain tin to it ; then, 
having taken oflTthe scoria, cast it into an ingot. This metal 
must be a second time melted to cast a speculum ; but it will 
iuse in this compound state with a small heat, and therefore 
will not calcine the tin to putty. It shoidd be poured c^ as 
soon as it is melted, giving it no more heat than is absdutefy 
necessary. The best method for giving the melted metal a 
good suriJEtce is this : the moment before it is poured ofl^ 
throw into the crucible a spoonful of charcoal-dust ; imme- 
dktely after which, the metal must be stirred with a wooden 
spatuk and poured into the moulds. The following is another 
composition, somewhat similar : Take two parts of copper as 
pure as it is possible to procure : this must be mehed in a 
crucible by itself ; then put, in another crucible one part of 
puit^ grain tin ; when they are both melted, mix aijd btir 
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them with a wooden spatula, keeping a good fboiX on th« 
melted surface to prevent oxidation, and then pour the metal 
quickly into the moulds, which may be made of fbunder^s 
loam. 

The composition suggested, more than half a century ago, 
by the Rev. Mr. Edwards, has often been referred to with 
peculiar approbation. This gentleman took a great deal of 
pains to discover the best composition, and to give his metah 
a fine polish and the true pambolical figure. His telescopes 
were tried by Dr. Maskel3me, the astronomer royal, who 
found them greatly to excel in brightness, and to equal in 
other, respects those made by the best artists. They showed 
a white object perfectly white, and all objects of their proper 
colour. He found, after trying various combinations, tne fol- 
lowing to be the best, namely, 32 ounces of copper, with 16 
Jjl 16 ounces of grain tin, (according to the purity of the Cop*- - 
Pir,) with the addition of one ounce of brass, one of silver, 
and one ounce of arsenic. This, he affirms, will form a 
metal capable, when polished in a proper manner, of reflect- 
inff more light than any other metal yet made public. 

The Rev. J. Little, in his observations on this subject in 
the «* Irish Transactions,'* proposes the following composition, 
which he found to answer the purpose better than any he had 
tried, namely, 32 parts of best bar copper, previously fluxed 
with the black flux of two parts tartar and one of nitre, four 
parts of brass, 16 parts of tin, and li of arsenic. If the metal 
be granulated, by pouring it, when first meked, into water, 
and then fused a second time, it will be less porous than at 
first. In this process, the chief object is to hit on the exact 
point of the saturation of the copper, &c., by the tin ; for if 
the latter be added in too great quantity, the metal will be 
dull^coloured and soft ; if too little, it will not attain the most 
perfect whiteness, and will certainly tarnish.* 

When the metal is cast, and prepared by the common 
grindstone for receiving its proper figure, the gauges and 
grinding tools are to be formed in the same manner as for- 
merly described for lenses, with this diflference, that the radius 
of the gauges must always be double the focal length of the 
speculum, as the focus of parallel rays by reflection is at cMie- 
half the radius of concavity. In addition to the concave and 
convex tools, which should be only a little broader than the 
metal itself, a convex elliptical to6l of lead and tin should be 
formed with the same radius, so that its transverse should be 

* Irish Trantactiont, vol z., and Nicholson's Philosophical Journal, 
19\. xvL 



-to it* cenjugftie diameter as 10 to 9, the latter being exactly 
equa^ to the diameter of the metaL The grinding of im 
apeculum k then to be commenced on this tod with coarse 
emery powder and water, when the roughness is taken off by 
moving the speculiun across the tool in dijSerent directions, 
^raUcing round the post on which the tool is fixed, holding 
the specttlom by the wooden handle to which it is cemented; 
it is then to be wrought with great care on the convex brass 
tool, with circular and cross strokes, and with emery of dif-* 
lerent de g r ees ■ t he concave tool being sometimes ground 
mp«n the convex one, to keep them all of the same radius-^ 
aftd when ever^ scratch is removed from its surface, it will 
be fit for receiving the final polish. 

When the metal ia ready for polishing, the elliptical tool is 
lo be covered with black pitch about ^^th of an inch thick, 
«ih1 the polisher formed in the same way as in the case of 
Jenses, either with the concave brass tool or with the me^ 
itself. The cdcothar of vitriol should then be triturated be- 
'tween two sur&ces of glass, and a considemble quantity of it 
applied at first to the surfsMse of the polisher* The speculum 
it dien to be wrought in the usual way upon the polishing 
4ooi till it has received a brilliant lustre, taking care to use no 
more of the colcothar, if it can be avoided, and only a small 
i^fuaitity of it, if it should be found necessary. When the 
metal moves stiffly on the pdisher, and the colcothar assumes 
a dark, muddy hue, the polish advances with great rapidity. 
The tool will then grow warm, and would prdtably stick to 
j^e speculum if its motion were discontinued for a moment. 
At this stage of the process, therefore, we must proceed with 
ffreat caution, breathing continually on the polisher till: the 
friction is so great as to retard the motion of the speculum* 
When this happens, the metal is to be slipped ofif the tgol at 
one side, cleaned wi(h soft leather, and placed in a tube for 
:the purpose of trying its performance ; and if the perishing 
has been conducted with care, it will be found to have a true 
pmrtAoHe figure.* 

It was formenv ihe practice, before the speculum was 
brought to the polisher, to smooth it on a bed cf hones, or a 
-convex tool made of the bes^ blue stone, such as clockmakers 
use in polishing their work, which was made one-fourth part 
larger than the metal which was to be ground upon it, and 
tumed as true as possible to a gauge ; but this tool is not 
generally considered as absdutely necessary, except when 
silver and brass enter into the composition of the metal, in 
* Brewster*8 Appendix to Ferguson's Lectures. 
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driteif telt^ove the i<m^ii^s which remains after grinding 
With the ^me^. , 

Td trp the Ftgu^b if M^ Mtial. — In order to this, th» 
c^yeeuhim twM Ibe j^loeed i)t the tube of the telescope for 
which it is iotiswledy aid at vkmi dO or 80 yiurds distant there 
shoidd he pat vp.tK wiatlsh-f^per, or similar dbject, on which 
ihxtm afe sonie forj fio^stookes ^ an etigraver. An annular. 
Idbdof diagtam dbtald b<^ made with card-paper, so as to 
COT«r a caBUbrpoclaoa of the middle part oi the speculum, 
between ^ hole and the drcumference» equal in breadth to 
ahoBQt oiffi-e%falk <£ its di^fneteit^ This paper ring should be 
fixed in the mouth of the tefesoope, and reoiain so during the 
whieA^-esqpftidlaeit^ There must likewise be two other cir- 
oslat pieces of eard*paper cut^ out, ti such sizes that one may 
oi»#er tiie centre of the neietal by completely filling the hole in 
thi «nBikr piece now described, and the <Aher such a round 
pitoe as shall exactly fill the tube, and so broad as that the 
iimer edge jiist touches the outward circumference of the 
middle annimr piece. All these pieces together will com- 
plete^ shut up the mouth of the telescope. Let the round 
piece which covers the centre of the metal be removed, and 
artist the instrument so that the image may be as sharp and 
distinct as posi»ye ; then replace the central piece, and re- 
ito>ve the outside annular one, by which means the circum- 
ference onlr <^f the speculum will be exposed, and the image 
Hem foswxA, wiH be from the rays reflected from the exterior 
side of the metal. If the two images formed by these two 
portions of \he metal be perfectly sharp and equally distinct, 
the speeukini is perfect and of the true parboHc curve ; if, on 
the (Xihtararv, the image from the outside of the metal should 
QOt be distihtt, and k should be necessary to bring the little 
speculum neaarer by the screw, the metal is not yet brought 
to ti^ paraboKo figure ; but if, in order to procure distinctness, 
we be oUiged tx> move the sm^l speculum farther off, then 
the figvie df the great spectdum has been carried beyond the 
parabolic, and has assumed the hyperbolic form. 

To m^lfut the Uyehok ^f Gr^garian JRe/lectora.^r-lf there 
is oiiiy one Eyeglass, the^l (ne distance of the small hole should 
b^ OS nearly as pcesibb eqaal to its local length ; but in the 
ocnnpound Huygenialn eyepiece, the distance of the eyehole 
mky be thus found : MdUply the difference between the focal 
distance of 6ie glass next to t}w speculum, and the distance 
of the two eyeglasses, by the focal distance of the glass nearest 
the eye ; divide the product by the sum of the focal distances 
of the two lenses, lessened by their distance, and the quotient 
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Will be the compound focal distance required. Tbus^ if tlie 
focal distance ef the lens next the speculum be three incliesy 
that o( the lens next the eye one inch, and their distance two 
inches^ then the compound focal distance £rom the eyeglass 
will be ^^"-i inch. The diameUr of thb eyehole is always 
equal to the quotient obtained by diriding the diameter of tha 
fifreat speculum by the magm^nnjpr power of the telescope. < 
It is generally from ^^^th to ^th of an inch in diameter. It 
is necessary, in many cases, to obtain /rojn dirtet experiment 
an accurate determination of the place and size of the eyeholey' 
as on this circumstance depends, in a certain degree, the accu- 
rete performance of the instrument. 

To centre the two Specula of Gregorian i^gSlsclors.— Ex- 
tend two fine threads or wires across the aperture of the tube 
at right angles, so as to intersect each other exactly in the 
axis of the telescope. Before the arm is finally fiotened I0 
the slider, place it in the tube, and through the eyepiede 
(without glasses) the intersection of the cross-wires most be 
seen exactly in the centre of the hole of the ana. Wh^i 
this exactness is obtained, let the arm be firmly riveted and 
soldered to the sHder. 

To centre Lenses. — ^The centring of lenses is of creat im- 
portance, more especially for the object-glasses of achromatic 
mstniments. The following is redeemed a good method rrLel 
the lens to be centred be cemented on a brass chuCk, having 
the middle turned away so as not to touch die lens except 
near the edge, which will be hid when mounted. This rim 
is very accurately turned flat wheie it is to touch the glass. 
When the chuck and cement is warm, it is made to revolve 
rapidly ; while in motion, a lighted candle is brought before 
it, and its reflected image attentively watched. If this image 
has any motion, the lens is not flat or central; a piece of soft 
wood must therefore be applied to it in the manner of. a turn- 
ing tool, till such time ad the light becomes stationary. Wh^i 
the whole has cooled, the edges of the lens must be turned by 
a diamond, or ground with emery. 

For more particular details in reference to grinding and 
polishing specula and lenses, the reader is referred to Smith's 
"Complete System of Optics," Imison's "School of Arts," 
Huy genii Opera^ Brewster's Appendix to "Ferguson's 
Lectures," "Irish Transactions," voL x., or "Nicholson's 
Journal," vol. xvL, Nos. 65, 66, for January and Fdiuruary, 
1807. 
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CHAPTER I. 

ON MICROMETERS. 

A MICROMETER is ati instruntent attached to a telescope, in 
order to measure small spaces in the heavens, such as the 
spaces between two stars, and the diameters of the sun, moon, 
and planets ; and by the help of which, the apparent magrd' 
hide of all objects viewed tnrough telescopes may be mea- 
sured with great exactness. ' 

There are various descriptions of these instruments, con- 
structed with different substances and in various forms, of 
which the following constitute the principial variety; the 
Wire Micrometer—- the Spider"* s-line Micrometer — ^the Poly- 
ntetric Reticle — ^Divided Object-glass Micrometer — ^Divided 
Eyeglass Micrometer— Ramsden's Catoptric Micrometer— 
Rpohon's Crystal Micrometer — ^Maskelyne's Prismatic Mi- 
crometer — Brewster's Micrometrical Telescope — Sir W. 
•Herschers Lamp Micrometer — Cavallo's Mother'of-Pearl 
Micrometer, and several others ; but, instead of attempting 
even a general description Of these instruments, I shaB con- 
fine myself merely to a very brirf description of Cavallo^s 
Mierometer, as its construction will be easily understood by 
the general reader, as it is one of the most simple of tjiesp 
instruments, and is so cheap a? to be procured for a few 
shillings, while some of the mstruments now mentioned are 
so expensive nsi to cost nearly as much as a tolerably good 
telescope.* 

This micrometer consists of a thin and narrow slip of 
mother-of-pearl finely divided, w;hich is placed in the focus 
of the eyeglass of a telescope, just where the image of the 

* A particular detcription of the micrometeTs litmi omimerated, aid 
pereral others, will be found la Dr. Faaraon'^ " lntfed»cti|9B t^ ?iif tifl|l 
Aitronomy," vol. U. 

Vol. IX. »r 
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object It fonned ; and it may be applied either to-a reflecting 
or a refracting telescope, provided tbe eyeglass be a convex 
lens. It is about the twentieth part of an inch broad, and of 
the thickness of common writing paper, divided into e<|ual 
parts by parallel lines, every fifth and tenth of which is a 
Uttle longer than the rest. I'he simplest way of fixing it is 
to stick it upon the diaphragm, which generafly stands within 
the tube, and in the focus of the eyeglass. When thus fixed, 
if yx)u look through the eyeglass, the divisions of the micro- 
metrical scale win appear very distinct, unless the diaphragm 
is not exactly in the focus of the eyeglass, in which case it 
must be moved to the proper place ; or the micrometer may 
be placed exactly in the focus of the eye-lens by the interposi- 
tion of a circular piece of paper, card, or by means of wax. 
If a person should not like to see always the micrometer in 
the field of the telescope, then the micrometrical scale, in- 
stead of being fixed to the diaphragm, may be fitted to a 
circular perforated plate of brass, of wood, or even of paper, 
which may be occasionally placed upon the said diaphrs^m. 
One of these micrometers, in my possession, which contains 
600 divisions in an inch, is fitted up in a separate eyetube, 
with a glass pecuhar to itself, which slides into the eyepiece 
of the telescope when its own proper glass is taken ou^ 

To ascerimn the Value of the Divisions a^ this Micnh 
meter, — Direct the telescope to the sun, and observe how 
many divisions^ the micrometer measure its diameter ex- 
actly ; then take out of the Nautical Almanac the diameter 
of the sun for the day on which the observation is made ; 
divide it by the above-mentioned number of divisions, and the 
quotient is the value of one divisicHi of the micrometer. 
Thus, suppose that 26^ divisions of the micrometer measure 
the diameter of the sun, and that the Nautical Almanac gives 
for the measure of the same diameter 31'$KJ", or 1^2": 
divide 1882 by 26.6, and the quotient is 71'', or 1' 11", which 
is the value of one division of the micrc«neter, the double of 
which is the value of two divisions, and so on. The value 
of the divisicms may likewise be ascertained by the passage 
of an equatorial star over a certain number of divisions in a 
certain time. The stars best situated for this purpose are 
such as the following : d in the Whale, R. A. 37° 3|', Dec, 
37' 60 S.; « m Orion, R. A. 80° 11' 42', Dec. 28' 40" S.; 
V in the Lion, R. A. 171° 26' 21", Dec. 23' 22" N.; ., in 
Virfto, R. A. 182° 10', Dec 33' 27" N. But the following 
is ike most easy and accurate method of determining the 
value of the divisions : 
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Mark upon^ wall or other place the length of six ificheSf 
which may be done by piaking two dots or lines si;c inches 
asunder, or by fixing a six-inch ruler upon a stand. Then 
place the telescope before it, so that the ruler or six*iach 
length may be at right angles with the direction of the tele- 
scope, and just 57 feet 3^ mches distant from the object-glass 
of the telescope ; this done, look through the telescope at thei 
ruler, or other extension of six inches, and observe how many 
divisions of the micrometer are equal to it, and that same 
number of divisions is equal to half a degree, or SC ; and 
this is all that is necessary for the required determination ; 
the reason of which is, because an extension of six inches 
subtends an angle of S& at the distance of 67 feet 3^ inches, 
as may be easily calculated from the rules of Plane Trigono- 
metry. 

Fig. 85 exhibits this micrometer scale, but shows it four 









Figure 88. 
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times larger than the real size of one which was adapted to a 
three-feet achromatic telescope magi;iifying 84 times. The 
divisions upon it are the 200ths of an inch, which reach frcon 
one edge of the scale to about the middle of it, excepting 
every fifth and tenth division, which are longer. Two divi^ 
sions of this scale are very nearly equal to one minute ; and 
as a quarter of bne of these divisions may be distinguished 
by estimation, therefore an angle of one-eighth of a minute, 
or of 7h", may be measured with it. When a telescope mag* 
nifies more, the divisions of the micrometer must be more 
minute. When the focus of the eyeglass of the telescope is 
shorter than half an inch, the micrometer may be divided 
with the SOOths of an inch ; by means of which, and the 
telescope magnifying about 200 times, one may easily and 
accurately measure an angle smaller than half a second. On 
the other hand, when the telescope does not magnify above 
80 times, the divisions need not be so minute. In one of 
Dollond's pocket telescopes, which, when drawn out for use, 
is only 14 inches long, a micrometer with the hundredths of 
an inch is quite sufficient, and one of its divisions is equal to 
Kttle less than three minutes, so that an angle of a minute 
may be measured by it. Supposing llj of those divisions 
equal to 30^, or 23 to a degree, any other angle measured b^ 
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any other number of divisions is determined by prot)ortioa. 
Thu8» suppose the diameter of the sun, seen through the 
ifime telescope, be found equal to H divisions, say, as ll| 
rftrisions are to 30 minutes, so are 12 divisions to (^^^ 31.S^ 
Irhlch is the required diameter of the sun. 

Practical Usei of this Micrometer,— -Tbl^ micrometer 
may be applied to the following purposes: 1. For mea- 
tfunng the apparent diameteni of the sun, moon, and planets. 
% For measuring the apparent distances of the sateUit^s from 
Aehr primaries. 3. For measuring the cusps of the moon in 
eclipses. 4. For measuring the apparent distances between 
two contiguous stars — ^between a star and a planet— between 
a star and the moon — or between a comet and the contiguous 
Stars, so as to determine its path. 5. For finding the dif- 
ference of declination of contiguous stars, when they have 
nearly the same right ascension. 6. For measuring the small 
elevations or depressions of objects above and below the ho- 
rizon. 7. For measuring the proporticHial parts oi buildings, 
and other objects in perspecti ve drawing. 8. For ascertaining 
whether a ship at sea, or any moving object, is coming nearer 
or going farther ofi*; for if the angle subtended by the object 
appears to increase, it shows that the object is coming Beare^r* 
^nd if the angle appears to decrease, it indicates that the ob- 
ject is receding from us. 9. For ascertaining the real dis- 
tances of objects of known extension, and hence to measure 
knights, depths, and horizontal distances. 10. For measuring 

?ie teal extensions of objects when their distances are known. 
1. For measuring the distance and size of ail object when 
Neither of them is known. 

When the micrometer is adapted to those telescopes which 
have four glasses in the eyetube, and when the eyetube onhf 
{$ U9ed, it may be applied to the following purposes : 1. For 
measuring the real or lineal dimensions of small objects in- 
stead of the angles ; for if the tube be unscrewed from the 
rest tjf the telescope, and applied to small objects, it ^iLl serve 
^r a riiictoscope, having a considerable magnifying power, 
as ;we have already shown (p. 250) ; and the micrometer, ia 
that case, wfll measure the lineal dimensions of the object, 
ab the diameter of a hair, the length of a flea, or the hmbs 
of an insect. In order to find the value of the divisions for 
this purpose, we need only apply a nller, divided into tenths 
6f an inch, to the end of the tube, and, looking through the 
tttbe, observe how many divisions of the micrometer measure 
one tenth of an inch on the ruler, which will give the re- 
cjpArtd value. Thus, if 30 divisions are equal t6 V^th of an 
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incht BOO <^ them nms^ be equal to <Hie incky and one divisioa 
18 equal to the 300th part of an inch 2. For measuring the. 
magnifying power of other telescopes. This is done by mea- 
suring the diameter of the pencil of light at the eye-end of the 
telescope in question ; for, if we divide the diameter of the 
object-lens by the diameter of this pencil of light, the quotient 
will express how many times that telescope magnifies in diame- 
ter. Thus, suppose that 300 divisions of the micrometer are 
equal to the apparent extension of one inch — that the pencil 
of light is measured by four of these divisions — and that the 
diameter of the object-lens measures one inch and two-tenths : 
Multiply 1.2 by 300, and the product 360, divided by 4, 
gives 90 for the magnifying power of the teJescope. 

Probiems which mew be solved by this Micrometer. -^1. 
The angle— not exceeding one degree — which is subtended 
by an extension of one foot, being given to find its distance 
from the place of observation : Rule 1. If the an^e be ex- 
pressed in minutes, say, as the given angle is to 60, so is 
687.55 to a fourth proportional, which gives the answer in 
inches. 2. If the angle be expressed in seconds, say as the 
given angle is to 3600, so is 687.55 to a fourth proportional, 
which expresses the answer in inches. 3. If the angle be 
expressed in minutes and seconds, turn it all into seconds, 
and proceed as above. Example : At what distance is a globe 
of one foot in diameter when it subtends an angle of two 

seconds ? 2 : 3600 : : 687-55: '"""T'" - 1287596 inches, ot 
108132^ feet = the answer required. II. The angle which 
is subtended by any known extension being given, to find its 
distance from the place of observation: Rule— -Proceed as if 
the extension were of one foot, by Problem I., and call the 
answer B; then, if the extension in question be expressed in 
inches, say, as 12 inches are to that extension, so is B to a 
feurth proportional, which is the answer in inches. But if 
the extension in question be expressed in feet, then we need 
only, multiply it by B, and the product is the answer in 
inches. £xam{^ : At what distance is a man six feet high 
when he appears to subtend an angle of 30" ? By Problem 
I., if the man were one foot high, the distance would be 
82506 inches ; but as he is six feet high, therefore multiply 
82506 by 6, and the product is the required distance, namely, 
^^^50d6 inches, or 41253 feet. 

For greater amvenience, especially in travelling, when one 
has not the opportunity of making such calculaticms, the fol- 
lowing two tables have been calculated, the first of which 
shows the dii^nce answering to any angle from one minute 

27* 
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tb one degree, w^k in stibtended by a ntftn wlioie htiight m 
considered an extension ef six feet, because at a ttiean, sticli 
in die height of a man when dressed with hat and shoes on. 
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These tables may be transcribed on a card, and may be kept 
always ready with a pocket telescope famished with a micro- 
meter. Their use is to ascertain distances, without any eal-^ 
culations ; and they are calculated only to minutes, because 
with a pocket telescope and micrometer it is not possible to 
measure an angle more accurately than to a minute. Thus, 
if we want to measure the extension of a street, let a foot 
ruler be placed at the end of the street ; measure the angular 
eppeardnce of it, which suppose to be 36', and in the tabk 
we ha¥e the required distance agatrist dS', which is 95? feet. 
Thus, also, a man who appears to be 49' high is at the dis- 
tance of 4^1 feet. Again : Suppose the trunk of a tree, 
which is known to be tnree feet in diameter, be observed to 
Wfbleiid tfft angle of, 9i'. Take the number ttiswering to 9' 
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cmt of the table, namely, ^52, and subtract from it a propor- 
ti<nial part for the half minute, namely, 19.1, which, subr 
tracted from 382, leaves 362.9. This muhiphed by 3,, the 
diameter of the tree, produces lOiST, 7 feet = the distance 
ftdm. the object end of the telescope. 

In this" way the distance of a considerably remote object, as 
a town or buildii^ at ten or twelve miles' distance, may be 
very neatrly determined, provided we have the lineal dimen- 
aioiM of a house or other object that stands at right angles to 
tlte Kne of vision. The breadth of a river, of an arm of the 
flea, or the distance of a lighthouse, whose elevation above the 
flea or any other point is known, may hkewise, in this man- 
ner, be. easily determined. 



CHAPTER n. 

OlSr "^E EQUATORIAL TELESCOPE, OR PORTABLE OBSERVATORY. 

The equatorial instrument is intended to answer a number 
of Hse^l purposes in Practical Astronomy, independently of 
Kny paWicular observatory. Besides answering the general 
ptarpose of a quadrant, a transit instrument, a theodolite, and 
liii azimuth instrument, it is almost the only instrument 
adapted for viewing the stars and planets in the daytime^ 
cmd for following them in their apparent diurnal motions. It 
inay be made use of in any steady room or place^ and per- 
forms Ts^6st oi the useful problems m astronomical science. 

The bas!« of all equatorial instruments is a revolving axfe, 
placed parallelto the axis of the earth, by which an attached 
telescope is made to follow a star or other celestial body in 
the arc d" its diurnal revdution, without the trouble of re- 
p^ited adjustments for changes of elevation, which quadrants 
«nd cirdes with vertical and horizontal axes require. Such 
an instrument is not only convenient for many useful and in- 
teresting purposes in celestial observations, but is essentially 
requisite in certain cases, particularly in examining and 
meaisuring the relative positions of two contiguous bodies, or 
m determining the diameters of the planets, when the spi- 
der*s-line micrometer is used. 

Cliristopher Scheiner is supposed to have been the first 
Jistronomer who, in the year 1620, made use of a polar axii, 
irot' without any appendage of graduated circles. It was not. 
|u>wever, till the middle of the last century that any instru- 
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ments of this description, worthy of tbe tiame, were ftttemfrted 
to be constructed. In 1741, Mr. Henry Hindley, a clock- 
maker in York, added to the polar axis an equatoried plate, a 
Quadrant of altitude, and declination semicircle ; but when 
wis piece of mechanism was sent to London for sale in 1748^ 
it remained unsold for the space of thirteen 3rears. Mr. 
Short, the optician, published in the Philosophical Transac*- 
tions for 1750 a *' description oi an equatorial telescope,'' 
which was of the reflecting kind, and was mounted over a 
combination of circles and semicircles, which were strong 
enough to support a tube, and a speculum of the G^rgian 
• construction 18 inches in focal length. This instrument catt- 
sisted of a somewhat cumbersome and ezpensiye piece of 
machinery, a representation of which may be seen in vd. iii. 
of Martin's " Philosophia Britannica, or System of the New- 
tonian Philosophy." Various modifications of this instrument 
have since been made by Naime, Dolk>nd, Ramsden, Trough- 
ton, and other artists ; hut even at the present period it has - 
never come into very general use, though it is one oi the 
most pleasant and useful instruments connected with astro- 
nomical observations. 

As many of these instruments are somewhat complicated 
and very expensive, I shall direct the attention of the reader 
solely to one which I consider as the most simple, which may- 
be purchased at a moderate expense, and is sufficiently ac- 
curate for general observations. 

This instrument consists of the following parts : A.Aori- 
zonial circle, E F, (fig. 86,J divided into four quadrants^crf 99 
degrees each. There is a fixed nonius at N ; and the circle 
is capable of being turned round on an axis. In the centre 
of the horizontal circle is fixed a strong upright pillar, which 
supports the centre of a vertical semicircle, A B, divided 
into two quadrants of 90 degrees each. This is called the 
semicircle of altitude, and may, at any time, serve the pur- 
pose of a quadrant in measunng either altitudes or depres- 
sions. It has a nonius plate at K. At right angles to the 
plane of this semicircle, the equatorial circle, M N, is firmly 
fixed'. It represents the equator, and is divided into twice 
twelve hours, every hour being divided into twelve parts of 
five minutes each. Upon the eouatorial circle moves ano- 
ther circle, with a chamfered ed^e, carrying a nonius, by 
which the divisions on the equatorial may be read oflT to sin- 
gle minutes ; and at right angles to this movable circle is 
fixed the semicircle of declination, D, divided into two quad- 
rants of 90 degrees each. The telescope, P O, is surmounted 
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above this circle, and is fixed to an index movable on the 
semicircle of declination, and carries a nonius opposite to CI. 
The telescope is furnished with two or three Huygemkn eye- 
pieces^ and likewise with a diagonal eyepiece for viewmg 
objects near the zenith. Lastly, there are two spirit levels 
fixed on the horizontal circle at right angles to each other, by 
means of which this circle is made perfectly level when ob 
servations are to be made. 

To adjust the Equatorial for Observations, — Set the in 
strument on a firm support; then, to adjust the levels and the 
horizontal circle, turn the horizontal circle till the beginning 
of the divisions coincides with the middle stroke of the 
nonius, or near it. In this situation, one of the levels will be 
found to he either in a right line joining the two foot-screws 
which are nearest the nonius, or else parallel to such a right 
Ime. By means of the last two screws, cause the bubble in 
the level to become stationary in the middle of the glass ; then 
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turn the horizontal circle half round by bringing the othei 
to the nonius ; and if the bubble remains in the middle as 
before, the level is well adjusted ; if it does not^ correct the 
position of the level by turning one or both of the screws 
which pass thrcmgh its ends till me bubble has moved half the 
distance it ought to come to reach the middle, and cause it to 
move the other half by turning the foot-screws already men- 
tioned ; return the horizontal circle to its first, position, and if 
the adjustments have been well made, the bubble will remain 
in the middle ; if otherwise, the process must be repeated till 
it bears this proof of its accuracy ; then turn the horizontal 
circle till 90° stands opposite to the nonius ; and by the foot- 
screw immediately opposite the other 90**, cause the bubble 
of the same level to stand in the middle of the glass ; lastly, 
by its own proper screws set the other level so that its bubble 
may occuJ)y the middle of its glass. 

To adjust the Line of Sight. — Set the nonius on the de- 
clination semicircle at 0, the nonius on the horary circle at 
VI, and the nonius on the semicircle of altitude at 90 ; look 
through the telescope towards some part of the horizon where 
there is a diversity of remote objects ; level the horizontal 
circle, and then observe what object appears in the centre of 
the cross-wires, or in the centre of the field of view if there be 
no wires ; reverse the semicircle of altitude so that the other 
90° may apply to the nonius, taking care, at the same time, 
that the other three noniuses continue at the same parts of their 
respective graduations as before. If the remote object con- 
tinues to be seen on the centre of the cross-wires, the line of 
sight is truly adjusted. 

To find the Correction to he applied to Observations by 
the Semicircle of Altitude, — Set tne nonius on the declina- 
tion semicircle to 0, and the nonius on the horary circle to 
XII ; direct the telescope to any fixed and distant object by 
jnoving the horizontal circle and semicircle of altitude, and 
nothing else ; note the degree and minute of altitude or de- 
pression ; reverse the declination semicircle by directing the 
nonius on the horary circle to the opposite XII ; direct the 
telescope again to the same object, by means of the horizontal 
circle and semicircle of altitude, as before. If its altitude or 
depression be the same as was observed in the other position, 
no correction will be required ; but if otherwise, half the dif- 
ference of the two angles is the correction to be added to all 
observations made with that quadrant, or half of the semicircle 
which shows the least angle, or to be subtracted from all the 
observations made with the otter quadrant, or half of the 
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semicircle. When the levels and other adjustments are onde 
truly made, they will be preserved in order for a length of 
time, if not deranged by violence ; and the correction to be 
applied to the semicircle of altitude is a constant quantity. 

Description of the Nonius, — The nonius — sometimes called 
Jbe Vernier — ^is a name given to a device for sub-dividing the 
arcs of quadrants and other astronomical instruments. It de- 
pends on the simple circumstance that if any line be divided 
mto equal parts, the length of each part will be greater the 
fewer the divisions ; and contrariwise, it will be less in pro- 
portion as those divisions are more numerous. Thus, in the 
equatorial now described, the distance between the two ex- 
treme strokes on the nonius is exactly equal to eleven degrees 
on the limb, only that it is divided into twelve equal parts. 
Each of these last parts will therefore be shorter than the 
degree on the limb in the proportion of 1 1 to 12, that is to 
say, it will be y^^th part, or five minutes shorter ; consequently, 
if the middle stroke be set precisely opposite to any degree, 
the relative positions of the nonius and the limb must be 
altered five minutes of a degree before either of the two ad- 
jacent strokes next the middle on the nonius can be brought 
to coincide with the nearest strdlje of a degree ; and so like- 
wise the second stroke on the nonius will require a change 
of ten minutes, the third of fifteen, and so on to thirty, when 
the middle line of the nonius will be seen to be equidistant 
between two of the strokes on the limb ; after which, the lines 
on the opposite side of the nonius will coincide in succession 
with the strokes on the limb. - It is clear from this that when- 
ever the middle stroke of the nonius does not stand precisely 
opposite to any degree, the odd minutes, or distance between 
it and the degree immediately preceding, may be known by 
the number of the stroke marked on the nonius, which coin- • 
cides with any of the strokes on the limb.* In some instru- 
ments the nonius-plate has its divisions fewer than the num- 
ber of parts on the limb to which it is equal ; but when once 
a clear idea of the principle of any nonius is obtained, it will 
be easy to transfer it to any other mode in which this instru- 
ment is contrived. 

To find by this Equatorial the Meridun Line, and the 
Time, froh one Observation of the Sun. — In order to this, 
it is requisite that the sun's declination and the latitude of the 
place be known. The dechnation of the sun may be found 
for every day in the Nautical Almanac, or any other astro- 
Domical ephemeris ; and the latitude of the place may be found 
♦ Adams*8 Introduction to Practical Astronomy. 
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bv means of the semicircle of altitude, when the telescope is 
directed to the sun or a known fixed star. It is likewise r^ 
quisite to make the observation when the azimuth and aldtu^e 
of the sun alter quickly, and this is generally the case the 
farther that luminary is from the meridian ; therefore, at the 
distance of three or four hours either before or after noon, (in 
summer,) adjust the horizontal circle ; set the semicircle of 
altitude so that its nonius may stand at the co-latitude of the 
place ; lay the plane of the last-inentioned semicircle in the 
meridian hy estimation, its being directed towards the de- 
pressed pgle ; place the nonius of the declination seniicircle 
to the declination, whether north or south ; then direct the 
telescope towards the sun, partly by moving the declinatiop 
semicircle on the axis of the equatorial circle, and partly by 
moving the horizontal circle on its own axis. There is but 
one position of these which will admit of the sun being seen 
exactly in the middle of the field of view. When this posi- 
tion is obtained, the nonius on the equatorial circle shows the 
apparent time, and the circle of altitude is in the plane of the 
meridian. When this position is ascertained, the meridian 
may be settled by a landmark at a distance. 

With an equatorial instrument nearly similar to that nonf 
described, I formerly made' a series of •* day observations on 
the celestial bodies," which were originally published i|i 
vol. xxxvi. of "Nicholson's Journal of Natural F^hilosophy," 
and which occupy twenty pages of that journal. Some of 
these observations I shall lay before the reader, after havir^ 
explained the manner in which they are made. 

The instrument was made by Messrs. W. and S. Jones, 
opticians, Holborn, London. The telescope which originally 
accompanied the instrument was an achromatic refractor, it^ 
object-glass being 8^ inches focal distance, and one inch in 
diameter. This telescope, not admitting sujfficiently high 
magnifying powers for the observations intended, was after- 
ward thrown aside for another telescope having an object- 
glass 20 inches focal length and Ifth inches in diameter, 
which was attached to the equatorial machinery in place of 
the small telescope. It was furnished with magnifying 
powers of 15, 30, 45, 60, and 100 tiroes. The instrument 
was placed on a firm pedestal about three feet high. The 
feet of this pedestal had short iron pikes, which slipped into 
corresponding holes in the floor of the apartment adjacent to 
a soutn window, so that when the direction of the meridian 
was found, and the circles properly adjusted, the instrument 
was in no danger of being shifted from this position. Though 



this ittstrametit generally stood fronting the sonthera part of 
die heavens, yet the equatorial part, along with the telescope, 
could occasionally be removed to another position fronting the 
Borth and north-west, for observing the stans in those quarters. 

Marmtr of observing Stard cmd Pianets in the haytinm 
dy tfm Eqticaoricd.-^Befdre sach observations can be made, 
the semicircle of altitude must be placed in the median, and 
the degree and minute pointed out by the nonius on the hori^ 
2ontai circle^ when in mis posidon, n<ked. down in a book, so 
that it may be placed again in the same position, should any 
derana^mmit aftervrard happen. The semicii^le of altitude 
must te set to the co^latitude of the place, that is, to what the 
latitude Ttants 6f 90^. Suppose the latitude of the place of 
©bserration he 6t° 80* n<»th, this latitude subtracted from 
#0^ leaves 87** 9& for the ca*latitude, and therefore the semi- 
circle of altitude, on which the equatorial circle is fixed, must 
he elevated to 87** 8(F, and then the equatorial circle on the 
inscmment coincides with the equator in the heavens. Lastly, 
the telescope must be adjusted on the declination semicircle s6 
as exactly to correspond with the declination of the heavenly 
body to be viewed* If the body is in the equator, the tele- 
scope is set by the index at on the semicircle of declinatiqini 
nr at the middte point between the two quadrants, and then, 
whenr the telescc^, along with the semicircle of declination^ 
is moved from right to left, or the ccmtrary, it describes an 
arc d* the equator. M the declination of the body be north, 
the telescope is elevated to the n<»rthern divisit^ of the semi- 
circle ; if south, to the southern part of it. 

These adjustments being made, take the dif^rence between 
ifae light ascension of the son and the bbdy to be observed, 
and if the right ascension of the body be greater than that df 
the sun, subtract the diderenoe from the time of observation ; 
if not, add to the time of observation.* The remainder in one 
case, or the sum in the other, will be the hour and minute to 
which the nonius on the equatorial circle is to be set ; which 
jbeing done, the telescope will point to the star or pkne^ to 
who^ declination the instrument is adjured. When the 
heavenly body is thus found, it may be followed, in its diurnal 
ikmrse, for hours, or as long as it remains above the horizon ; 
ka as the diurnal motion ^ a star is parallel to the equator, 

• Or find the mn's rifht ascension for the given da^ ; subtract thia 
from the star or planet's right ascension, and the remainder is the ap* 
projdmate time of the stars comine to the meridian. The difierenoe 
between this time and the time of obsei^ation will then determine the 
ttoint to whioh the telescope is to be directed* 

Vol. IX. 28 
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the motion of tbe telescope on the equatoriai cirele will always 
he in the star's diurnal arc; and should it hare left the field 
of the telescope for any considerable time, it may be again 
recovered by moving the telescope onward according to the 
time which elapsed since it was visible in the field <^ view. 
We may illustrate what has been now stated by an example 
or two: Suppose, on the SOth of April, 1841, at 1 o'clock 
p. M., we wished to see the star AldAaran: the right ascen- 
sion of this star is 4^ ^", and the sun's right ascension for 
that day at noon, as found in ^ White's I^hemeris" or the 
•'Nautical Almanac," is 2^90*; subtract this kst number 
from 4^ 27", and the remainder, 1^ 57", shows that the star 
comes to the meridian on that day at 57 minutes past 1 o'clock 
p. M. ; and as the time of observation is 1 p. m., the nonius 
which moves on the equatorial circle must be set to three 
minutes past XI., as the star is at that hour 57 minutes from 
the meridian. The declination of Aldebaran is 16^ 11' north, 
to which point en the semicircle of declination the telescope 
must be adjusted, and then the star will be visible in the field 
of view. Again : suppose we wished to observe the {^bn^ 
Venus on the Ist of January, 1842, at 12 o'clock noon : the 
sun's right ascension on tmit day is 18^46*, and that oi 
Venus 17^ 41", from which the sun's right ascension being 
subtracted, the remainder is 22^ 55", or 55 minutes past 10 
A. if« Here, as the right ascension of Venus is too small to 
have the sun's right ascension taken from it, we borrow 24 
hours, and reckon the remainder from XII. at noon. As the 
planet at 12 noon is one hour and five minutes past the men* 
dian, the nonius on the eouatorial circle must be set to that 
pdnt, and the telescope adjusted to 28^ 6' of south declina* 
tion, which is the declination of Venus for that day, when 
this planet will appear in the field of view. 

Observations on the Fixed Stars and Planets^ made in the 
Daytime by the Equatorml, . 

For the purpose of illustrating the descriptions now given, 
and for affording some information respecting celestial day 
observations, I shall select a few of the observations above 
alluded to, which I formerly published in Nicholson's Journal, 
along with a few others which have been since made. The?«e 
observations were made with a view to determine the follow 
ing particulars : 1. What stars and planets may be conveni- 
ently seen in the daytime when the sun is above the horizon? 
2. "Wnat degrees of magnifying power, are requisite for dis- 
tinguishing them ? 3, How near their conjunction with the 
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mil they may be seen ? and, 4. Whether the dimintitron of 
the aperture of the object-glass of the telescope, or the in- 
crease of magnifying power, conduces most, to render a star 
or a planet visible in daylight. Having never seen such 
observations recorded in books of astronomy or in scientific 
journals, I was induced to continue thefm, almost every clear 
day, for nearly a year, in order to determine the points now 
specified. Some of the results are stated in th^ following 
pages. 

Observations on Fixed Stars of the first Magnitude,^ 
A^Hril 23, 1613, at 10^ 15" a. m., the sun being 5s hours 
above the horizon^ saw the star Vega or a Lyrae, very dis- 
tinctly with a power of 30 times. Having contracted the 
aperture of the object-glass to ^ths of an inch, saw it on a 
darker ground, but not more plainly than before. Having 
contracted the aperture still farther to half an inch, I per- 
ceived the star, but not so distinctly as before. The sky 
beinff very clear, and the star in a quarter of the heavens 
nearly opposite to the sun, I diminished the magnifying 
power to 15, and could still pergeive the star, but indistinctly ; 
it was just perceptible. August 23, at 0^ 12"» p. m., saw the 
star CapeUa, or aAurigm, with a power of 60, and immedi- 
ately afterward with a power of 30, the aperture undimi- 
nished. With this last power it appeared extremely distinct, 
but not so brilliant and splendid as with the former power. 
Having diminished the aperture to y^ths of an inch, it ap- 
peared on a darker ground, though in the former case it was 
•quidly perceptible. A few minutes afterward, could dis- 
tinguish it with a power of 15, the aperture being contracted 
to half an inch. It* appeared very small; it was with diffi- 
culty the eye could ^x upon it in the field of the telescope ; 
but when it was once perceived, its motion across the field 
of view could be readily followed. It could not be perceived 
when the diminished aperture was removed. The sun was 
then shining in meridian splendour. 

August 10th, 9^ 30" A. M., saw the star Sirius with a 
power of 60, the aperture contracted to ^ths of an inch ; saw 
it likewise when the aperture was diminished to half an 
inch, but not so distinctly as through the aperture of -^ths of 
an inch. Having put. on a power of 30, could distinguish it 
distinctly enough through each of the former apertures, and 
likewise when they were removed, but somewnat more dis- 
tinctly with the apertures d* nine-tenths and half an inch 
than without them. At this time the star was 2* 42" in time 
of right ascension west of the sun, having an elevation abovo 
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(be horizon of about IT^ ICT, die tun Bhimng brifffat, and &» 
Ay very much enlightened in that quarter of the heaTeon 
where the star appeared. There was also a considenUe 
undulatioa of the air, which is generally the case in the hoi 
mornings of summer,' which reenders a star more difficult to 
be perceived than in the afternoon, especially #hen it is 
viewed at a low altitude. June 4th, 1^ dO* p. m^ aaw Siriiis 
with.a power of 80 with gseat distinctness, the apertore boI 
contmcted. The star was then within 1* SO* in time of right 
ascenmon east from the sun. August %ith, 9^ 5* a. m*, saw 
die star Froeyon, or a Cani^'JIMnaris, distinctly with a pow«^ 
of 60, the aperture not contracted. When diminisl^ to 
•^ths of an inch, it appeared mlher more distinct, as the 
ground on which it was seen was darker. With a powc^ of 
80, and the aperture contracted to ^\^ of an inch, could 
perceive it, but scmiewhat indistinctly. When the equatoidid 
motion was performed in order to keep it in the £eld of vvew^ 
it was some time before the eye could again fix upon it 
When the aperture was diminished to half an inch, it could 
|iot be peroeived. Saw it when both the apertures were re- 
moved, but rather mcnee distinctly with the aperture <^ ^tbs 
of an inch. The difference in the result of tius ^ibservatioB 
from that of Capella above stated was owing to the star's 
proximity to the sun, and the oonseouent illumination of the 
9ky in tliat quarter where it, appearea. Its difieroQce in right 
ascension from that of the sun was then abeut 2^ 5«> of time, 
•Xid its difference of declination about 4° 50^.* This star 
moy be considered as oae of those which rank between the 
first and sec(m4 magnitudes. 

. Similar observations to ihe above were made and frequently 
r^>eate4 on the stairs Rigel, AMebaran, Betelguese, Cor- 
Leonis, and other stars oi the first magnitude, which nve 
nearly the same results. Tbe stars AUares and Foma&ant 
are not so easily distinguished, on account of their great 
southern declination, and consequent low elevation above the 
bopson. The fbllowhig observation on Jircturui may be 
^ded, Jtme 3d, obsezved Arctorus very distinctly a little 
before seven in the evening, the sun being about l^" 40* 

« Tka right asoensions, declinations, longitudes, &c., stated in these 
mQinoranda, which were noted at the time of obsenration, are only ap- 
proximations to the truth, perfect accuracy in these respects being of ne 
unportance in such observations. Thev are, however, m general, withui 
« minute or two of the truth. The ttme» of the observations, too, are 
noted in reference, not to the astronomical ^ but to the civil day. The 
astronomical day commences at 12 noon, and the hours are reckoned, 
without interruption, to the following noon. The civil day commenees 
«t 18 midnigbt. ^ --r 
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above the hbrizon, and shining bright — ^with a power of 15, 
the aperture not contracted. It appeared very small but dis- 
tinct. This star is easily distinguishable at any time of the 
day with a power of 30. ' - ^ 

Observations on Stars of the Second Magnitude. — ^May 
5, 1813, at 6^ p. M., the sun being an hour and three quar^ 
ters above the horizon, saw Alphard^ or a Hydrse, a star of 
the second magnitude, with a power of 60, the aperture di- 
minished to j^^ths of an inch. A few minutes afterward 
could perceive it, but indistinctly, with a power of 30, the 
aperture contracted as above. It could not be seen very dis- 
tinctly with this power till about half an hour before sunset. 
It was then seen rather more distinctly when the aperture 
was contracted than without the contraction. May 7th, saw 
the star Beneb, or j3 Leonis, distinctly with a power of 60, 
about an hour anrf a half before sunset, August 20th, saw 
Has Alkague, or a Ophiuchi, at 4'* 40" p. m., with a power 
of 100, the sun being nearly three hours above the horizon, 
and shining bright. Perceived it . about an hour afterward 
With a power of 60, with the aperture contracted to ^*^,ths of 
an inch, and also when this contraction was removea. The 
star was seen nearly as distinctly in the last case as in the first. 
August 27, 6^ p. M., the same star appeared quite distinct 
with a power of 60, the aperture not contracted. It did not 
appear more distinct when the aperture was contracted to 
■^jfths of an inch. The sun was then more than two hours 
above the horizon. August 28th, saw the star Pollux or 
fi Genuni, two hours after sunrise, with a power of 60, aper- 
ture undiminished. November 12th, 1* 30' P. m., saw the 
star Mairy or » Aquilee, with an 8^ inch telescope, one inch 
aperture, carrying a powerof 45, the aperture not contracted. 
Having contracted the aperture a little, it appeared somewhat 
less distinct. This star is reckoned by some to belong to the 
class of stars of the first magnitude, but in White's " Ephe- 
meris" and other Almanacs it is generally marked as being 
of the second magnitude. It forms a kind of medium be- 
tween stars of the first and second magnitude. 

Similar observations, giving the same results, were made 
on the stars Ballatrix, Orion's Girdle; a Andromedae, a Pegasi, 
Alioth, Benetnach, North Crown, or a Coronae Borealis, and 
various other stars of the same magnitude. 

From the above and several hundreds of similar obser- 
vations, the following conclusions are deduced. 

1. That a magnifying power of 30 times is sufficient for 
distinguishing a fixed star of the first magnitude, even at noon- 

28* 
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day at any seaaon of the year, provided it haye a moderate 
degree of elevation above the horizon, and be not within 30** 
or 40® of the sun's body; also that by a magnifying power of 
16, a star of this class may be distinguished when the sun 
is not more than an hour and a half above the horizon ; but, 
in every case, higher powers are to be preferred. Powers of 
45 or 60, particumrly the last, were found to answer best in 
most cases, as with such powers the eye could fix on the star 
with ease as soon as it entered the field of the telescope. 

2. That most of the stars of the second magnitude may be 
seen with a power of 60 when the sun is not much more than 
two hours aoove the horizon ; and, any time of the day, the 
brightest stars of this class may be seen with a power of 100 
when the sky is serene* and the star not too near the quarter 
in which the sun appears. 

3. That, in every instance, an increase of magnifying 
power has the principal efiect in rendering a star easily per- 
ceptible ; that diminution of aperture, in most cases, produces 
a very slight efiect — ^in some cases, none at all; and, when 
the aperture is contracted bejrond a certain limit, it produces 
a hurtful effect. The cases m which a moderate contraction 
is useful are the two following: 1. When the star appears 
in a bright part of the sky, not far from that quarter in which 
the sun appears. 2. When an object-glass of a large aper- 
ture and a small degree (rf magnifying power is used. In 
almost every instance, the cpntraciion of the object-g^laas of 
the 8i-inch telescope with a power of 46 had a hurtful effect; 
but when the 20-inch telescope carried a power of only 15, 
the contraction served to render the object more perceptible. 

Observations on the Planets made in the Daytime, 

Some of the planets are not so esusily distinguished in. the 
daytime as the fixed stars of the first magnitude. The one 
which is most easily distinguished at all times is the planet 
Venus. 

1. Observations on Venus. — My observations on this 
planet commenced about the end -of August, 1812, about 
three or four weeks after its inferior conjunction.* About that 
period, between ten and eleven in the forenocaa, Mdth a power 
of 46, it appeared as a beautiful crescent, quite distii^et and 
well defiped, with a lustre similar to that of the mooir about 
sunset, but of a whiter colour. The view of its surface and 
phase was fully more distinct and satisfactory than what is 
obtained in the evening after sunset; for, being at a high ele- 
vation, the undulation near the horizon did not affect the dis- 
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t^iotoeoD of vision. The planet was then very distinctly 
seen with a power of seven times, when it appeared like a 
sJtar of the first or second magnitude. I traced the variation 
of its phases almost every clear day till the month of May, 
1813. As at that time it was not far irom its superior conjunc- 
ti(si with the sun, I wished to ascertain how near its conjunc- 
tion with that luminary it mi^ht be seen, and particularly 
whether it might not be possible, ia certain cases, to see it at 
t^e moment of its conjunction. 

The expressions of all astronomical writers previous to this 
period, when describii^ the phases of Venus, either directly 
assert, pr at least imply, that it is impossible to see th^t planet, 
in any instance, at the tiine of its superior conjunction. This 
is the language of Dr. Long, Dr. Gregory, Dr. &ewster, 
<FeiigU8on, Admns, B. Martin, and most other writers on the 
science of Astronomy. How far such language is correct 
will appear from the following observations and remarks. 

April 24, 1813, 10«» 50' a. m., observed Venus with a 
power of 30, the aperture not contracted. She was then 
about 31 minutes of time in rigbt ascension distant from the 
sun, their difference ci declinsttion 3° 59'. She appeared 
distinct and well defined. With a power of 100, could dis-> 
tinguish h^r gibbous phase. May 1st, lOi" 20" a. m., viewed 
this planet with a power of QOt the aperture not contracted. 
It appeared distinct. Saw it about the same time with a 
power of 16, the aperture being contracted to -j^^ths of an 
inch. Having contracted the aperture to half an inch, saw it 
more , distinctly. When the contracted apertures were re- 
moved, the planet could with difficulty be distinguished, on 
account of the direct rays of the sun striking on the inside of 
the tube of the telescope. The sun was shining bright, and 
the planet about 25' of time in R. A. west of his centre, their 
difierence of declination being 3° 7'. May 7th, 10\a. m., 
•aw Venus distinctly with a power of 60, the sun shining 
bright* It was then about 19' of time in R. Am and 4** 27' 
in Icmgitude west of the sun, their difference of declination 
being 2® 18^ I found a diminution of aperture particularly 
useful when viewing the planet at this time, even when the 
higher powers were applied. This was the last observation 
I had an opportunity of making prior to the conjunction of 
Venus with the sun, which happened on May 25, at 9** S* 
A. H. Its geocejitric latitude at that time being about 16' 
south, the planet must have passed aJmost close by the sun's 
BOUthera Umb. Cloudy weather for nearly a month after the 
kst observation prevented any farther views of the planet. 
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when It was in that part of the heavens which was witkm the 
range of the instrument. The first day that proved favoura- 
ble after it had passed the superior conjunction was June 5th. 
The following is the memorandum of the observation then 
taken. 

June 5th, 9* a. m., adjusted the equatorial telescope for 
viewing the planet Venus, but it could not be perceived on 
account of the direct ra)rs of the sun entering the tube of the 
telescope. I contrived an apparatus for screening his rays, 
but could not get it conveniently to move along wiUi the tele- 
scope, and therefore determined to wait till past eleven, when 
the top of the window of the place of observation would inter- 
cept the solar rays. At 11' 20*" a. m., just as the sun had 
passed the line of sight from thp eye to the top of the win- 
dow, and his body was eclipsed by it, I was gratified with a 
tolerably distinct view of the planet, with a power of 60, the 
aperture being contracted to ^ths of an inch. The distinct- 
ness increased as the sun retired, till, in t\vo or three minutes, 
the planet appeared perfectly well defined. Saw it imme- 
diately afterward with a power of 30, the aperture contracted 
as before. Saw it also quite distinctly with a power of 15 ; 
but it could not be distinguished with this power when the 
contracted aperture was removed. At this time Venus was 
just 3° in longitude, or about 18' in time of R. A. east of the 
sun's centre, and of course only about 2|th degrees from his 
eastern limb ; the diflference of their declination being 27', 
and the planet's latitude 11' north. 

Several years afterward I obtained views of this planet 
when considjerably nearer the sun's margin than as stated in 
the above observation, particularly on the 16th of October, 
1819, at which time Venus was seen when only six days and 
nineteen hours past the time of the superior conjuncticwi. At 
that time its distance from the sun's eastern limb was only 
1° 28' 42". A subsequent observation proved that Venus 
can be seen when only 1° 2/" from the sun's margin, which 
I consider as approximating to the nearest distance from the 
sun at which this planet is distinctly visible. I shall only 
^tate farther the two or three following observations. 

June 7th, 1813, 10^ a. m., saw Venus with a power of 60, 
the aperture being contracted to /^ths of an inch, the direct 
rays of the sun not being intercepted by the top of the vrni" 
dow. The aperture having been farther contracted to half 
an mch, could perceive her, but not quite so distinctly, * When 
the contractions were removed, she could scarcely be seen. 
*^he was then 3** 33' in longitude, and nearly 16 minutes in 
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linie of R. A. distant from the sun's centre. Soam fleeces cS 
clouds haying moved across the field of viewi she was seen 
remarkahly distuict in the interstices, the sun at the sam« 
time being partly obscured by them. August 19th, 1^ KK* 
p. X., viewed Venus with a magnifying power of 100. Could 
perceive her surface and gibb^s phase aimost as distinctly 
as wh«i the sun is below the horizon. She aj^ared bright, 
Steady in her.hght, and well defined, without that glare and 
tremulous appearanoe she exhibits in the evening when near 
^e horizon. She was then nearly on the meridian.' On th0 
whole, such a view of this planet is as satisfactory, if not pre* 
ferable, to those views we c4)tain with an ordinary telescope 
in the evening, when it is visible to the naked eye. 

All the particulars above stated have been confirmed by 
many subsequent observations continued throughout a series 
pf years. I, shall state only two jrecent observations, which 
show that Venus may be seen somewhat nearer the su|i thail 
what is deduced from the preceding observations, ai^d at the 
point of its superior conjunction. March 10th, 1842, ob- 
served the planet Venus, then very near the sun, at 19 
minntes past 11 a. m. It had passed the point of its superior 
conjunction with the sun on the 5th of March, at 1^ 19" f. m» 
The difierence of rigbt ascension between the sun and the 
planet was then about ^ minujtes of time, or about 1° 37i', 
and it was only about 1° 21' distant from the sun's eastern 
limb. It appeared quite distinct and well defined, and might 
perhaps have been seen on the preceding day, had the ob$er* 
vation been then made. The following observation showi^ 
that Venus may be seen still nearer the sun than in the pre- 
ceding observations, and even at the momeffU of its superior 
conjunction. On the 3d of October, 1843, this planet passed 
the point of its superior conjunction with the sun at 4^ IS* 
F. M. At two o'clock p. M ., only two hours before the conjunc- 
^o», I perceived the planet distinctly, and kept it in view, for 
nearly ten minutes, till some dense clouds intercepted the 
view. It appeatred tolerably distinct and well defined, though 
not brilliant, and with a round, full face, and its apparent path 
was distinctly traced several times across the field of view of 
the telescope. I perceived it afterward, about half-papt four 
|!. M., only a few minutes after it had passed the point of con- 
junction, on which occasion it appeared less distinct than in 
the preceding observation, owing to the low altitude of the 
planet, being then only a few degrees above the horizon. 
The observations, in this instance, were made, not with, an 
equatorial instrument, which J generally use in such obs^^ 
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tatkms, but with a good achromfitic tdescope ot 44| inches 
focal distance, mounted on a common tripod, with a terres- 
trial power of 95 times. A conical tube about ten inches 
long was fixed on the object-end of the telescope, at the ex- 
tremity of which an aperture H inches in diameter was 
placed, so as to intercept, as much as possible, the direct 
ingress of the solar rays. The top of the upper sash c^ the 
window of the place df observation was likewise so adjusted 
as to intercept the greater part of the sun's rays from enter* 
big the tube of the telescope. The sun's declinaticm at that 
time was S'' W south, and that of Venus 2^ 1^ south ; con- 
sequently, the difference of declination was 1" 14' =» the dis- 
tance of Venus from the sun's centre ; and as the sun's dia- 
meter was about 16', Venus was tben only 58' from the sun's 
northern hmb, or 6^ less than two diameters of the sun. 

This is the nearest approximation to the sun at which 1 
have ever beheld this planet, and it demonstrates that Venus 
may be seen even within a degree of the sun's margin ; and it 
is, periiaps, the nearest position to that luminary in which 
this planet can be distinctly perceived. If shows that the 
light reflected from the surrace of Venus is far more brilliant 
than that reflected from the surfiwse of our moon ; for no trace 
of this nocturnal luminary can be perceived, even when at a 
much greater distance from the sun, nor is there any other 
celestial body that can be seen within the limit now stated. 
This is the first observation, so far as my information extends, 
of Venus having been seen at the time of her superior con- 
junction.* 

The practical conclusion from this observation is, that at 
the superior conjunction of this planet, when its distance 
fro^i the sun's margin is not less than 58', its polar and 
equatorial ^diameter tnay be measured by a micrometer, 
when it will be determined whether or not Venus be of a 
spheroidal figure. The Earth, Mars, Jupiter, and Saturn 
are found to be, not spheres, but spheroids, having their polar 
shorter than their equatorial diameters. But the true figure 
of Venus has never yet been ascertained, because it is only 
at the superior conjunction that she presents a ftiU, enlight- 
ened hemisphere, and when both diameters can be measured, 
except at the time when she transits the sun's disk, which 
happens only twice in the course of 120 years.t 

*Thi8 obsenration is inserted in the ** Edinburgh Philosophical Jour- 
nal" for January, 1844. 

»+The late Air. Benjamin Martin, when describing the nature of the 
•outt telescope, in his *' Fhilo$apkm Britannka,** volin, p. 85, gives thg 
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THe following conclasions are deduced from the observa- 
tions on Venus : 

ibllowing relation i '*! cannot here omit to mentioB a Tery wnuMual pke" 
nomenon that I observed about ten years ago in my darkened room. The 
window looked toward the west, and the spire of Chichester Cathedral 
was before it at the distance of 50 or 60 yard*. I used very often to di- 
vert myself by observing the pleasam manner in whidb the sun passed 
behind the spire, and was eclipsed by it for some time ; for the image of 
fhe sun and of the spire were very large, being made by a lens of 12 feet 
^scal distance; and once, as I observed the o<Mniltation of the sun behind 
the spire, just as the disk disappeared, I saw several small, bright, round 
bodies or balls running towards the sun from the dark part of the room, 
even to the distance of 20 inches. I observed their motion was a little 
irregular, but rectiUnear, and seemed accelerated as they approached the 
sun. These luminous globules appeared also on the other side of the 
spire, and preceded the sun, runmnff out into the dark room, sometimes 
more, sonletimes less, together, in the same manner as tbey followed the 
sun at its occultation. They appeared to be, in seneral, one-twentieth 
of an inch in diameter, and therefore must be very large, luminous globes 
in some part of the heavens, whose light was eztmguished by that of the 
sun, so that they appeared not in open daylight ; but whether of the me- 
teor kind, or what sort of bodies they might be, I could not conjecture.'* 
Professor Hansteen mentions that, when employed in measuring the 
zenith distances of the polar star, he observed a somewhat similar phe- 
nomenon, which h^ describes as '^a luminous body which passed over 
the field of the universal telescope ; that its motion was neither perfectly 
equal nor rectilinear, but resembled very much the unequal and some- 
Wnat serpentine motion of an ascending rocket;*^ and he concluded that 
it must have been ** a meteor" or ** shooting star'* descending from the 
higher regions of the atmosphere.* 

In my frequent observations on Venus, to determine the nearest posi- 
tions to the sun in which that planet could be seen, I had several limes 
an opportunity of witnessing similar phenomenon. I Mras not a little sur- 
prisea, when searching for the planet, frequently to perceive a body pass 
across the field of the telescope, apparently of the same size as Venus, 
though sometimes larger and sometimes smaller, so that I frequently 
mistook that body for tne planet, till its rapid motion undeceived me. In 
several insttfnces four or Jive of these bodies appeared to cross the field 
of view, sometimes in a perpendicular, and at other times in a horizontal 
direction. They appeared to be luminous bodies, somewhat resembling 
the appearance of a planet when viewed in the daytime with a moderate 
tnagnitving power. Their motion was nearly rectilinear, but sometimes 
incnnea to a waving or serpentine form, and they appeared to move with 
considerable rapidity — ^the telescope bein^ furnished with a power of 
about 70 times. I was for a consiaerable time at a loss what Opinion to 
form of the nature of these bodies ; but, having occasion to continue 
these observations almost every clear day for nearly a twelvemonth, 1 
had frequent opportunities of viewing this phenomenon in difierent as- 

Kcts, and was at length enabled to form an opinion as to the cause of at 
ist tome of the appearances which presented themselves. In several 
instances, the bodies alluded to appeared much larger than usual, and to 
move with a more rapid velocity ; in which case I could plainly perceive 
that they were nothing else than birds of different sizes, and apparently 
at different distances, the convex surface of whose bodies in certain posi- 
tions, strongly reflected the solar rays. In other instances, when they 
tmpeared smaller, their true shape was undistinguishable, by reason of 
their motion and their distance. 

• See Edinbnrgb FMOMpMeia ^owmt Ibr Aprt, Ittfy-No. xztv. 
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1. Tbat thia phfiet may h9 seen disd&ctly, witb a moderate 
degree of magnifying power, ai the moment qf iti 8%iperiof 

Hvnom MMPTkid • fiiw resar^^athMi fofaieet in Ko. mxw, o£ the Edioo 
biiivh Piikwophicftl Journal for Julf, 1825, particularly in reference to 
PrOMiaor Hanateen's opinkm, that article came under Ue review of H. 
Serrea, anb-prefeci of Knbrun, in a pmr inaerted in the Anndles d» 
Ckimie for October, 1825, entitled, *' Notioee regarding fiery meteora 
seen during the day.*'* In the diaiMisaion of thia subject, -M. Serres ad- 
nuta that Um light raflaoted Tery obliquely from the teathera of a bird ia 
capable of producing an effect aimilar to that which I have now described, 
but that ** the ezptanation ought not to be gmerali*^*^ He remarka, 
that while oboerviiMp the aun at the repeating circle, he frequently per* 
eeived, even throueh the coloured glaaa adapted to the eyepiece, large 
huninoua pointa which traversed the field of the teleacope, and which 
appeared too well defined not to admit then to be distant, and subtended 
too large aoglea to imagine them birda. In illustration of this subject, 
he atates the following nets : On the 7th of September, 1820, after having 
observed for some time the ecli|>se of the sun which hapi>ened on thiU 
day, he intended to take a walk in the fields, and on crosaing the town, 
he saw a numerous group of individuals of every age and sex, who had 
their eyea fixed in uie direction of the sun. Farther on, he perceived 
another group, having their eyes in like manner turned towards the sun. 
He queationed an iatelligent artist who was among them to learn the ob*- 
ject that fixed hia attention. He replied, " We are looking at the stars 
which are detaching themselves from the sun.*' ** You may look your- 
self; that will be me shortest way to learn the foct." He looked, and 
aaw, in fact, not stars, but balls of fire, of a diameter equal to the largest 
-atars, which were projected in various directions from the unper hem-* 
isphere of the siui, with an incalculable velocity ; and althougn this ve* 
locity of prelection appeared the same in all, yet they did not all attain 
the aame distanee. These globes were projected at unequal and pretty 
abort intervale. Several were often nrcyected at once, but always di* 
veiging from one another. Some of^tli^m described a right line, and 
were extinguiahed in the distance ; some described a parabolic line, and 
were in like manner extin^ished ; others, again, after having removed 
to a certain distance in a right line, retrograded upon the same line, and 
seemed to enter, still luminous, into the sun's disk. The eround of this 
magnificent picture was a sky-blue, somewhat tinged with Brown. Such 
was his astonishment at the sight of so nu^tic a spectacle, that it was 
impossible for him Xo keep his eyes ofi* it tdl it ceased, which happened 
gradually as the eclipse wore off and the solar rays resumed their ordi- 
nary lustre. It was remarked by one of the crowd that " the sun pro- 
jected most stars at the time when it was palest ;*^* and that the circum- 
stance which first excited attention to this phenomenon was that of a 
woman, who cried out, " Come here ! come and see the flames that are 
issuing firom the sun !** 

I have stated the above facts because they may afterward tend to throw 
light upon certain objects or phenomena with which we are at present 
ufacquainted. The phenomenon of " falling stars** has of late years ex- 
cited considerable attention, and it seems now to be admitted that at least 
certain species of these bodies descend from regions &r beyond the limits 
of our atmosphere. This may be pronounced as certain with regard to 
the " November meteors.'* May not some of the phenomena described 
above be connected with the fall of meteoric stones — the showers of fall- 
mg stars seen on the 12th and 13th of November, or other meteoric phe- 
nomena whose causes we have hitherto been unable to explain 7 Or, 
may we conceive that certain celestial bodies, with whose nature aim 

.« «M l i fts> « r | » r^aoMvMMt jQWiBal «r J«ly^ 1IM» p. lU. 
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t&mfuncHon wM the tmi, fihMi its godoMfHc klkad^, eilhet 
taoTth or Bouth, at the time of eonjimctioii, is not less Ubim 
V 14%jor when the pfamet is ahout 68' from the s)in*s limh. 
Thk ccmchnion is deduct from the obsenradon of Odob^ 
a, 1648/ as staled above. 

2. Another conclusion is, that during the space o^ 69t 
iAj9i or about 19 m<mths--4he time this planet takeift in 
Inoving £rom one conjtmctioa with the sun to a like conjunc- 
ttbn agaiiH— when ks latitude at the time of its superior cbn<- 
junction exceeds 1° i4% it may be seen with an equatori^ 
telescope everj clear day without interruption, except about ^ 
the period of its utferior conjunction, when its dark hemi- 
j^h^ is turned towards the earth, and a short time befotiS 
and after it. When its geocentric latitude is less that 1° 14', 
it will be hid only about four days before, and the same time 
after its superior conjunction. During the same period it will 
be invisible to the naked eye, and consequently no observa- 
ti(His can be made upon it with a common telescope for nearly 
six months, and ^metimes more, according as its declination 
is north or south, namely, about two or three months before, 
and the same time after its superior conjunction, except 
where there is a very free and unconfined horizon. In re- 
gard to the time in which this planet can be hid about the 
period of its inferior conjunction, I have ascertained from ob- 
servation that It can never 1>e hid longer than during a space 
of 2 day» 22 houl9, having seen Venus, nbout ntNoo, like a 
fine, slender crescent, only 35 hours aibr she had pasSisd the 
pcant 9i her inferior conjunction ; and in a late instance she 
was seen when little more than a day from the pr^riod of coh- 
iuHction. The longest time^ therefore, that this planet can 
be hid from view during a period of 583 days, ii^ only about 
10 days ; ^nd when its latitude at the time of the superior 
conjunction equals or exceeds 1^ 14^, it can be hid little more 
than two days* This is a circumstance which cannot be 
affirmed of any other celestial body; the sun only excepted. 

3. That ev^ry variation of the phases of this pknet, irota 
a slender crescmt to a full, enlightened hemisphere, may, on 
evi^ry clear day, be conveniently exhibited by nieifns of the 
equatorial telescope. This circumstance renders this instru^ 

destination we are as yet unacqaidnted, nuif be lerolving iu different 
eeurees in the regions around us, some of them opaque and others lu- 
B, and wh(Me light is undistinguishable by retmoa of the tfolat ef- 



fulgence f 

* For an explanation of the manner of viewing Venus at her sin^chr 
eenjunetton, see " Celestial Scenery," [Vol. 7, UHiform Edition of Inck • 
Wiihs,] p. 7d. 
Vol. IX. » 
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ment paculiatly useAil in Ae iiialruction of the yoacg in the 
principles of astronomy ; for if the phase which venos should 
exhibit at any particuhr time be known, the equatcnial tele- 
scope may be oiiected to the planet^ and ita actual pimae in 
the heavens be immediately exhibited to the astronomicid 
pupiL 

4. Since it is <»ily at the period of the snperkvr coi^nctioii 
that this planet presents a fnil« enlightened hemisphere, and 
since it is only when this phase is presented that both its 
diameters can be measured, it is of 8<Mne importance that oh* 
serrations be made on it at the moment of 'conjunction* by 
means of powerful telescopes furnished with micrometers, so 
as to determine the difierence (if any) between its pohor and 
equatorial diameters, 

5. Another conclusion from the obeerrations on Venus 18$ 
that a moderate diminution of the aperture of the object-^^ass 
of the telescope is useful, and even necessary* in viewing this 

Sianet when near the sun. Its efiect is owing in part to the 
irect solar mys being thereby nu^e effectually excluded; 
for when these ra3rs efiter directly into the tube oi the tele- 
scope, it is very difficult, and almost impossiUe, to perceive 
this planet, or any other celestial body when in the vieinity 
of the sun. 

Observationa on Jupiter and other Planets. 

This planet is very easily distinguished in the da3rtime 
with a very moderate magnifying power, when it is not 
within dO"^ or 85'' of the sun. The f(^owing extract &om 
my memorandums may serve as a specimen : May 12, 1813, 
1* 40» p. M., saw Jupiter with a power of 15 times, the 
aperture not contract^. The planet appeared so distinct 
with this power that I have reason to beheve it would have 
been perceived with a power of six or seven times. When 
the aperture was contracted to ^ths of an inch, and after- 
ward to half an inch, there was juttle perceptible difference 
in its appearance. It was then about 58^ in longitude east 
of the sun. . l^ 

Though Jupiter, when at a considerable distance from the 
sun, and near his oppositicm, appears to the naked eye with 
a brilliancy nearly equal to that of Venus, yet there is a very 
striking difierence between them in respect of lustre when 
viewed in daylight. Jupiter, when viewed with a high mag- 
nifying power m the daytime, always exhibits a very dUifi, 
cloudy appearance, whereas Venus appears with a moderate 
degree of splendour. About the end of June, 1818, between 
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fi^e and six m the erenin^, having viewed the pkpet Vemw, 
then within 20° of the sun, and which appeared with a mode 
rate degree of Ittstre^ I directed the telescope to Jupiter, a/ 
that time more than 82° from the sun, when the contrast be 
tween the two planets was r^ry. striking, Jupiter appearing 
80 &int as to be just discernible, though his a|>parent magni 
tude was nearly double thiit of Venus. In this observation 9 
power of 65 was used. In his approach towards the sun 
about the end of July, I could not perceive him when he was 
within 16° on 17° <k his ccmjunction with that luininary. 
These cireumetiMncea furmeh a sensible mid popular proif^ 
independently of astronomical calculations, that the planet 
Jupiter is placed at a much greater distance from the sun 
than Venus, since its light is so< &int as to be scarcely per 
ceptiUe when mote than 20 degrees frcnn the sun, while that 
of Venus is distinctly seen amid the full splendour of the solar 
says, wiien only about a degree from the margin of that 
luminary. With a power of 65 1 have been enabled to dis- 

. tinguish the belts of Jupiter be£9re sunset, but could never 
perceive any of his satelHtes till the sun was below the hori- 
zon* There are no obefervations which so aensibly and 
strikingly indicate the di^rent degrees of light emitted by 
the difierent planets as those which are made in the da3rtime. 
To a common observer, during night, Jupiter and Venus ap- 
pear, in a dear sky( nearly with eqtial brilliancy, and even 
Mars, when about the point of his^ opposition to the sun, 
appears with a lustre somewhat similar, though tinged with 
a ruddy hue ; but when seen in dayhght their aspect is very 
disdmilan This circumstance evidently indicates, 1. 'JThat 
these planets are placed at different distances from the sun, 
and ccmsequently are furnished- with different degrees of light 
proportional to the square of their distances from that lumi- 
nary ; and, 2. That there are certain circumstances connected 
with the surfaces and atmospheres ai the planetary bodies 

► which render the light they emit more or less intense, inde- 
pendently of their different distances irc»n the central lumi- 
nary ; for Mars, though much nearer to the sun than Jupiter, 
is not so easily dii|tinguished in the daytime, and even in the 
night-time appears with a less degree of lustre. 

My observations on Saturn in daylight have not been so 
frequent as those oil Jupiter. I have been enabled to distin- 
guish his ring several times before sunset with a power of 
65, but his great southern declination, and opnsequent low 
altitude, at the periods when these observations were made 
were unfavourable for determining the degree of his visilwlity^ 
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jii4«ylwiit ; for « fkmei or a «k9f is fthr»3rt mon tatmufy 
pefcepttole in a Ai^A tlian in a knr i^itvde, on aoconirt of the 
anpenor purity of the atmc^k^e tkiongk w^di ^ ocles^J 
^)ect ia aaen when at a high dtTalion ak>iRe tke kmsoa. 
Tnia nlanet* howoror, is not nearij aa iiMtmeidr iris&le in 
4aylignt as Jupiter, and I iutve eluefly seen it wl^n the aam 
was not more than an hour or two aboTe die hoiiacnv but 
aever at noonday* akhoj^gh it is profaaUe that wi& ponrerfui 
ittstrumeats it mM,j be seen ev€A at that period of the day. 
The planet Mdr$ is seldom distincthr risibfe m the dajtime, 
tzoept when at no great distanoe urom its (^poaitien to the 
SUB* The ibUowing is a memorandum of an obserration on 
Man» wh^n in a fayourable poaition : Oetofaeir M, 1886, saw 
the planet Macs distinctly with a power oi about 60, at 40 
minutes past 9 a, x., the sun baring been abore the horizon 
nearly three houn. It appeared tolembly distinct, but ecarcehr 
so bnlliant as a fixed star oi the first magnitude, dMmgh wim 
a^pparently as much lig^t as Jupiter generaHy exhibite when 
viewed in daylight* It oould not be traced kng^ at the t^ne, 
so as to. ascertein if k couM be seen at midday, on acconnt of 
the interposition of the western aide of the window of the 
place of observation. The ruddy aspect of this phmet--^ 
doubtless caused by a dense atsMBphere widi which it is . 
envirooed— is one of the causes which preTcmts its appearing 
wilh brilliancy in the daytkne* With reqpect to the planet 
JAretin/, I have had opportunities of obsennng it several 
timet aner sunriae and before sunset, ahcuit 10 or 12 cbya 
before and after its greatest elongation iiram the sun, with a 
power of 45. I have several times searched for this pianet 
about noon, but could not perceive it. The air, hovrever, at 
the times alluded to,, was not very clear, and I was not eer- 
tain that it was withki the field of the telfwcope* and therefore 
I am not convinced but that, with a moderately hi^ power, 
k may be seen even at noondav« 

Such are some specimens xa the observations I have made* 
on the heavenly bodies m the daytime, and the conchiaions 
which may be deduced from them. I have been induced to 
communicate them from the considemtion that &e moat 
minute facts in relation to any science are worthy of being 
known, and may possibly be useful. They may at least 
gratify the astronomical tyro with some infcmnation which 
he will not find in the common treatises on Astronomy, and 
may perhaps excite him to prosecute a train of siihilar obser- 
nLtxms for confirming or ccnrrecting those which have been 
noted above. 
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Bendes &e deductms already stated, the foliowinff gene- 
ral cofnclueiioos may be noted: 1. That a celestial body may 
be as easily distinguished at noonday as at any time between 
the hours of nine in the morning and tinee in the afternoon, 
except during the short days in winter. 2. They are more 
easily distinguished at a high than at a low altitude — ^in the 
afternoon than in the morning, especially if their altitudes be 
low*^aBd in the northern region of the heavens than 'in the 
southern. The difficulty of perceiving them at a low altitude 
k obviously owing to the thick vapours near tl» horizon. 
Their being less easily distinguished in the morning than in 
the afternoon is owing to the undulations of the atmosphere, 
which are generally greater in the morning than in the after- 
noon. This may be evidently perceived by looking at distant 
land objects at those times, in a hot day, through a telescope 
which magnifies about 40 or 50 times, when they will be 
found to appear tremulous and distorted in consequence of 
these unduktions, especially if the sun be shining bright. 
In consequence of this circumstance, we can seldom use a 
high terrestrial power with efiect on land objects except early 
in the morning and a short time before sunset. Their being 
more easily distinguished in the northern region of the 
heavens is owing to that part of the sky being of a deeper 
azures on account of its being less enlightened than the 
southern with the splendour of the solar rays. 

Utility of Celestial Bay Observatiam. 

The observations on the heavenly bodies in the daytime, 
to which I have now directed the attention of the reader, are 
not to be considered as merely gratifications of a rational 
curiosity, but may be rendered subservient to the promotion 
of astronomical science. As to the planet Venus : when I 
consider the degree of brilliancy it exnibits, even in daylight, 
I am convinced that useful observations might frequently be 
made on its surface in the daytime, to determine some of its 
physical peculiarities and phenomena. Such observations 
might set at rest any disputes which may still exist respect- 
ing the period rf rotation of this planet. <^assini, from obser- 
vations on a bright spot, which advanced 20® in 24* 84«, de- 
termined the time of its rotation to be 23 hours 20 minutes. 
On the other hand, Bianchini, from similar observations, ccm- 
cluded that its diurnal period was 24 days and 8 hours. The 
difficulty of deciding between these two opinions arises from 
the short time in which observations can be made on this 
planeti either before sunrise or after sunset, which prevents 

29* 
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OS from tncuMf with accnnu^ die pcogfesvhre motisui rf its 

nfor a BuflKieiit length of time ; and, although an obeerrer 
1 mark the motion of the spo^ at the nsm hour on two 
foceeeding eyeninn, and find they hud moved ibrwaxd aVmt 
16^ in M hoan, he would etill be at a loss to determine 
iriiether they had roored only 15^ in all nneQ the preceding 
bbeenration, or had finished a rerolution and 15^ more, ff, 
dier^cwe, any spots could be perceired on the surface of 
Yenns in the da3rtime» their motion might be traced, wh^ 
she is in north declination, for 12 hours or more, which would 
completely settle the period of rotation. That it is not uqn- 
prohable that spots fittad for this purjpose may be discoreied 
on her disk in the daytime, appears uom some of thc^ ohser- 
rations of Csssini,^ who saw one of her spots wh^i the sun 
was more than eight degrees abore the hofuon.* The mo$t 
distinct and satis&ctory riews I have «t^ had of this pbnet 
were those which I obtained in the davtime, in summer, 
when it was viewed at a high altitude with a 44i inc^ achro- 
matic telescope, carrying a power of 1^ I have i^ siich 
times distinctly percttvc4 the distinction between the shade 
and colour of its margin ^nd the superior lustre of its ee»tial 
parts* and some spots have occasionally been seen, though 
not so dktinctly marked as to detem»nQ its rotation. Such 
distinct, views are seldom to be. obtained m the evening afi^r 
sunset, on account of the undulaticMis of the atmosphere, uid 
the dense mass of vapours through which the celestial bodies 
are viewed when near the horizon. 

Nor do I consider it alu^ther improbable that its Moteiliie 
if it have cMie, as some have supposed) may beriietected in 
^ e daytime, when this planet is in a favourable position for 
such an observation, particularly whei% a pretty large portion 
pf its enlightened surface is turned towards the eartn, ai^d 
when its satellite, of course^ must present a similar phase. 
About the period of its greatest elongation froqa the sun, and 
soon after it assumes a crescent phase, in its approach to the 
infericMT conjunction, may be considered as the most eligible 
times fcHT prosecuting such, observations. If this supposed 
satellite be about one-third or one-iburth of the diameter of 
its primary, as Cassini, Short, Baudouin, Montbarron, Mon- 
taigne, and other astronomers supposed, it must be nearly as 
large as Mercuiy, which has been frequently seen in daylight. 
If such a satellite have a real existence, and yet undistin- 
guisnable in daylight, its surfs^ce must he of a very di^rent 

* See Long's Aetronomy, toI. ii. p. 487, Md Encydopedia Biitftnmca, 
Tol. li. p, 436, 34 edition. 
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wility^ for lefleolittg the rays of light from that o[ its primar j ; 
lor it i» obvious to every one who has seen Venus with a high 
power in the daytime, that a body of equal l^illiancy, though 
kmr times less m diameter, would be (juite perceptible, and 
eachibit a visibb dak. Such dbservations, however, would 
be made with much greater efiect in Italy and other southern 
countries, and particularly ia tn^ioal climates, such as ^ 
southern parts of Asia, and America, and in the West India 
islands, where the sky is more clear and serene, and where 
the planet may be viewed at higher altitudes and for a greater 
length of time, without the interruption of cbuds, than in our 
isbmd. 

Ag^dn, the i^parent magnitudes of the fixed stars, the 
qunntity of light they respectively emit, and die precise class 
of magnitude which should be assigned to them^ might ^ 
more accurately determined by day observations than by their 
appearance in the nocturnal sky. All the stars which are 
zeekoned to belong to the first magnUtuk are not equally 
distmguishaUe in ^lylight. FMrexample, the stars AldAariOfi 
and Proeyon are not so easily distinguished, nor do they ap- 
pear with the same degree of lu^re by day, as the stars 
a' Lytm and Capdla. In like manner, the stars, Altair^ 
Ji^mard^ Deneb jRas Jilkague, considered as belonging to the 
second magnitude, are not equally distinguishable by the same 
aperture and magnifying power, which seems to indicate that 
a difl^rent quantity of light is emitted by these stars, arising 
fircMn a difference either in their magnitude, their distance* or 
thequality of the light with which they are irradiated. 

Tne following are likewise practical purposes to whidi 
celestial day oheervations may be applied. . In accurately ad- 
justing circular and transit instrumeDtSy it is useful, and 
even necessary, for determining the exaet positicm of the 
meridian, to take observations of certain stars which differ 
greatly in zenith distance^ and which transit the meridian 
nearly at the same time. But as the stars best situated for 
this- purpose cannot, at every season, be seen in the evenings, 
we must, in certain cases, wait for several months before such 
observations can be made, unless we make them in the day- 
time, which can very easily be done if the instrument have a. 
tdescope adapted to it, furnished with such powers as those 
"^ above stated, or higher powers if required. I have likewise 
made use of observations on the stars in the dajrtime for ad- 
justing a ck>ck or watch to mean time, when the sun was in 
a situatiotf beyond the range of the instrument, or obscured 
Ly clouds, and when I did not choose to wait till the eveniD|T 
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This ixiay« at first vkw, appear to some as paradoxical, since 
the finding of a star in daylight depends oa our knowing' its 
right ascension irom the sun, and this last circumstance de- 
pends, in some measure, on our knowing the true time* "Biat 
if a watch or clock is known not to hare varied ahove seven 
or eight minutes from the time, a star of the first magnitude 
may easily he found by moving the telescope a little back- 
ward or forward till the star appear; and when it is once 
found, the exact variatioa of the movement is then ascertained 
by oxnparing the calculations which were previously neces- 
sary with the time pmnted out by the ncmius cm the equato- 
rial circle ; or, in other wcnrds, by ascertaining the difiference 
between the time assumed and the time indicated by the in- 
strument when the star appears in die centre of the field of 
view. All this may be accomplished in five or six minutes. 
Besides the practical purposes now stated, the equatorial 
telescope is perhaps the best instrument for instructing a 
learner in the various operations of practical astronomy, and 
particularly for enabling him to distinguish the names and 
positions of the principal stars ; for when the right ascensicm 
and declination of any star is known from astrcmomical tables, 
the telescope may be immediately adjured. to pdnt to it, 
which will in&llibly prevent his mistaking cme star £>r another. 
In this way, likewise, the precise podticm of the planet Met- 
cury^ Uranus^ Vesta, Juno, Ceres, Pallas, a small comet, a 
nebula, a double star, or any other celestial body not easily 
distinguishable by the naked eye, may be readily pointed out, 
when its right ascension and declination are known to a near 
approximation. 

In conclusion, I cannot but express my surprise that the 

' equatorial telescope is so little known, even by many of the 
lovers of astronomical science. In several respectable acade- 
mies in this part of Britain, and, if I am not mkii^formed, in 
most of our universities, this instrument is entirely unknown. 
This is the more unaccountable, as a small equatorial may be 
purchased for a moderate sum, and as there is no single in- 
strument so well adapted for illustrating all the operations of 
practical astronomy. Wh^re very great accuracy is not re- 

* quired, it may occasionally be made to serve the general pur- 
poses of a transit instrument for observing the passages of 
the sun and stars across the meridian. It may likewise be 
made to serve as a theodolite for surveying land and taking 
horizontal angles — as a quadrant for taking angles of altitude 
— as a leveU^^iS an equal altitude instrument — an azimuth 
instrument for ascertaining the sun's distance from the noith 
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o»«Gitth .points of the horizcm — and as an aoeurate anirersai 
sun dial, for finding the exact meim or true time on any occa- 
sion when the sun is visible. The manner of applying it to 
these different purposes will be obvious to every one who is 
in the leagt acquainted with the nature and construction of this 
instroment. 

The prjpe c^ a small equatorial instrument, such as that de- 
scribed p. 820, is about 16 guineas, exclusive of some ci the 
eyepieces, which were afterward added Car the purpose of 
making particular (^servaticuis. Instruments of a larger size, 
and vnik more complicated machinery, i^ll from 50 to 100 
guinea^ and upward. Messrft. W. and 8. Jones, Holbom, 
Liondon, coostrttct such instruments. 

ON THE QUADRANT. 

Every circle being suppo^d to be divided into 860 equal 
paxts or degrees, it is evident that W degrees, or the fourth 
part of a circle, will be sufficient to measure all angles between 
the h(»izon of any place and the line perpendicular to it which 
goes up to the zenith. Thus, in fig. 87, the line C B repre- 
sents the plane of the horizon. A C B H, the quadrant ; A 
C, the perpendicuhir to the horizon ; and A, the zenith point. 
If the lines B C and O A represent a pair of compasses with 
the legs standing perpendicular to each other, and the curved 

Figuf 87. 
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lines A B, D E, and F Q, the quarter of as many circles of 
diflferent sizes, it is evident that although each of these difiers 
fiwMn the others in size, yet that each contains the same por- 
tion of a circle, namely, a ouadrant or fourth part ; and thus 
A would be from the smallest to the largest quadrant that 
could be formed — ^they would all contain exactly 90 degrees 
each. By the application of this principle, the ccmiparative 
measure of angles may be extended to an indefinite distance 



346 



THE QUADRAKT. 



By means of an inatrument ccmstracted in the fena of a <^iad- 
rant of a circle, with its curved edge divided into 90 equal 
parts, the altitude of any object in the heavens can at any 
time he determined. 

There are various constructions of this instrument, aome 
of them extremely simple, and others considerably compkx 
and expensive, according to the degree of accuracy which the 
observations require. The £;^owing is a description of the 
Pillar Quadrant 9 as it was made by Mr. Bird for the Obser- 
vatory of Greenwich, and several Continental obaeivatoiies. 

This instrument consists of a quadrant, £ £ H G Li, (^g, 
88,) mounted on a pillar, B, which is supp(»rted by a tripod, 
A A, resting on three foot-screws. The quadrant, the pilkr, 
and the horizontal circle all revolve round a vertical axis. A 
telescope, H, is placed on the horizontal radius, and is di- 
rected to a meridian mark previously made on some distant 
object for placin|r the plane of the instrument in the meridian, 
and also for setting the zero, or beginning of the scale, truly 
horizontal. This is sometimes done by a level instead of a 




teleaec^^ and Aometimet If a plumb-line, G, suspended from 
near tfaa centre, and brought to bisect a fine dot made on the 
limby where a microscope is placed to examine the bisection. 
The weight or plummet at the end of the plumb-line is sus- 
pended in the cistern of water 6, which keeps it from being 
aflkated by the air. * A similar dot is made for the upper end 
cf the phimb-line upon a piece of brass^ adjustable by a screw, 
d9 in order that the hne may be exactly at right angles to the 
telescope when it is placed at 0. The quadrant is screwed 
bj the centre of its frame against a piece of brass, e, with 
tkiee acrews, and this piece is screwed to the top of the pillar 
B with other three screws. By means of the first three 
seiews- the plane of the quadrant can be placed exactly paral- 
lel to the vertical axis, and by the other screws the telescope 
H can be placed exactly perpendicular to it. The nut of the 
d^cate screw L is attached to the epd of the telescope F by 
a universal joint. The collar for the other end is jtnnted in 
the same manner to a clamp, which can be fa^ened to any part 
of the limb. A similar clamp-screw and slow motion is seen at 
n far the lower circle, which is intended to hold the circle 
fiust and adjust its motion. The divisions of the lower, or 
horizontal circle, are read by verniers, or noniuses, fixed to 
the arms of the tripod at / and m; and in some cases, three 
are used to obtain greater accuracy. 

In using this quadrant, the axis of the telescope H is ad- 
justed to a horizontal line, and the plane of the quadrant to a 
vertical line, by the means already stated. The screw of the 
damp L.is then loosened and the telescope directed to the 
Stat or other object whose altitude is required. The clamp- 
screw being fixed, the observer looks through the telesc<^>e, 
and with the nut of the screw L he .brings the telescope i^to 
a position where the star is bisected by the intersection of the 
wires in the field of the telescope. The divisions are then 
to be read ofiT upon the vernier, and the altitude of the star 
will be obtained. By means of the horizontal circle D, all 
angles in the plane of the horizon may be accurately mea- 
sured, such as the amplitudes and azimuths of the celestial 
bodies. 

Quadrants of a more simple construction than the above may 
be occasionally nsed, such as Gunter's, Cole's, Sutton's, and 
othera; but none of these is furnished with telescopes or tele- 
scopic sights, and therefore an altitude cannot be obtained by 
them with the same degree oi accuracy as with that which 
has been now described. 
By. means of the quadrant, not only the ahitudes of the 
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hearetily bodies may be determimd, bat also the dietsiMee 
of objects on the earth by observatkms made at tw6 aCi* 
tions; the altitude of firebflik and other meteors in the ataao- 
sphere; the height of a cload, hy obsenratioD on its ahitode 
imd Telocity; and Humerocu other problems, the solutkn 
of which depends upon angular measuremmits. A JUifvl 
Qwidrant is the name gi?en to this instrument ,wiien it is 
fixed upon a wall of stone, and in the plane of the mmdiaB^ 
such as the quadrant which was erected hy Flamstead in 
the Observatory at Qreenwich. Although the quadmnt was 
formerly much used in astronomicai observiBktions, yet it may 
be proper to state that its use has nsm hf^en ahuoi^oomplelely 
superseded by the recent introduction of Jisir^nomkid Clr- 
elet , d which we shall now give the reader a yery shert de- 
scription, chiefly taken from Troughton's aecount of the in- 
strument he constructed, as found in Sir D. Brewster's 
Supplemi^nt to Ferguson^s Astronomy. 

THK ASTRONOMICAL CIRCUB. 

An astronomical ckcle is a carnplett eirde substituted in 
place of the quadrant, and difl!ers frcnn it only in the superior 
accuracy with which it enables the astronomer to make his 
observations. The large vertical or declination circle C C 
(fig. 89) is composed of two ccmiplete circles, strengthened by 
an edge-bar on their inside, and nrmly imited at their extreme 
. borders by a number of short braces or bars, which stand 
perpendicular between them, and which keep them at such 
a distance as to admk the achromatic tetescope T T* This 
double circle is supported by 16 conical bars, firmly uDit^, 
along with the telescope, to a horizontal axis. The exterictf 
limb of each circle is divided into degrees and parts (^ a de- 
gree, and these divisions are divided itito seconds by means 
of the micrpmeter microscopes m tUt which read otf tne nxk^ 
on opposite sides of each circle. The eross^wires in each 
microscope may be moved over the limb till they coincide 
with the nearest division of the limb, by means of the m^ 
croineter screws c o, and the space moved through is ascer- 
tained by the divisions on the graduated head above e, as- 
«sted by a scale within the microscope. The microscopes 
are su]^)orted by two arms proceeding from a small circle 
concentric with the horisonttu axis, and fixed to the vertical 
columns. Thk circle is the centre upon which they can turn 
round nearly a quadrant for the purpose of employing a new 

Sortion of the divisions of the circle, when it is reckoned pm- 
ent to rqieat any delicate ol)serVatioQs Upon any piurt of the 
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limb. At A is represented a level for placing the axis in a 
true horizontal line, and at k is fixed another level parallel to 
the telescope for bringing the zero of the divisions to a hori- 
zontal position. The horizontal axis to which the vertical 
circle and the telescope are fixed is equal in length to the 
distance between the vertical pillars, and its pivots are sup- 
ported by semicircular bearings placed at the top of each 
pillar. These two vertical pilkrs are firmly united at their 
bases to a crossbar, /I To this crossbar is also fixed a verti- 
cal axis about three feet long, the low^ end of which, termi- 
nating in an obtuse point, tests in a brass conical socket firmly 
fastened at the bottom of the hollow in the stone pedestal D, 
T^hich receives the vertical axis. This socket supports the 
whole weight of the movable part of the instrument. The 
Vol. IX. 30 
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upper part of the rertical axis i« supported by two pieces <rf 
brass, one of which is seen at e, screwed to the ring i, and 
containing a right angle, or Y. Ai each side of the ring, 
opposite to the points of contact, is placed a tube containing 
a heliacal spring, which, by a constant pressure on the axis, 
keeps it against its bearings, and permits it to turn, in these 
four points of contact, with an easy and steady motion. The 
two bearings are fixed upon two nngs capable o^ a lateral ad- 
justment ; the lower one by the screw d to incline the axis to 
the east or west, while the screw b gives the upper one, t, a 
motion in the plane of the meridian. Bj this means the axis 
may be adjusted to a perpendicular position as exactly as by 
the usual method of the tripod with foot-screws. Th^e rings 
are attached to the centre-piece a, which is firmly connected 
with the upper surface oi the stone by six conical tubes A, 
A, A, dbc, and brass standards at every angle of the pedestal 
Below this frame lies the azimuth circle, £ £, consisting of 
a circular hmb, strengthened by ten hollow cones finnly 
united with the verticaJ axis, and consequently turning freely 
along with it. The azimuth circle, £ £, is divided and read 
off in the same manner as the vertical circle. The arms of 
the microscopes, B B, project from the ring y, and the micro- 
scopes themselves are adjustable by screws, to bring them to 
zero and to the diameter of the circle. A little above the 
ring t is fixed an arm, L, which embraces and holds fast the 
vertical axis with the aid of a clamp-screw. The arm L is 
connected at the extremity with one of the eurms A, by means 
of the screw c, so that by turning this screw a slow motion 
is communicated to the vertical*axis and the azimuth circle. 

In order to place the instrument in a true vertical position, 
a plumb-line, made of fine silver wire, is suspended (tom. a 
small hook at the top of the vertical tube n, connected by 
braces with one of the large pillars. The plumb-line passes 
through an angle in which it rests, and by means of a screw 
may be brought into the axis of the tube. The plummet at 
the lower end of the line is immersed in a cistern of water, t, 
jn order to check its oscillations, and is supported on a shelf 
proceeding from one of the pillars. At the lower end of the 
tube n are fixed two microscopes, o and p^ at right angles to 
one another, and opposite to each is placed a small tube con- 
taining a lucid point. The plumb-line is then brought into 
such a position by the screws d 6, and by altering the sus- 
pension of the plumb-line itself, that the image of the lumi- 
nous point, like the disk of a planet, is formed on the plumb- . 
' jne, and accurately bisected by it. The vertical axis is then 
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tanittd KAind, and the plumbrliiw examined in some ether 
positioo, . If it still bisects the luminous point, the instrument 
is truly vertical ; but if it does not, one-half of the deviatibn 
mi:^ be corrected by the screws d b, and the other half by 
altering the suspensicm of |he hne till the bisection of the cir- 
cular image is perfect- in every position of the instrument. 

It is not many years since circular repeating instruments / 
Ci^xie into genejral use. The principle on which the ccmstruc- 
tion of a repeating circle is founded appears to have been fet 
suggested by Professor Mayer, of Gottingen, in 1758 ; but 
the first person who applied this principle to measure round 
the limb of a divided instrument was Borda, who, about the 
year 1789, caused a repeating circle to be constructed that 
would measure with equal Tacility horizontal and veitical 
angles. Afterward Mr. Troughton greatly improved the con- 
struction of Borda's instrument by the introduction of severi^ 
contrivanoes, which ensure, at the same time, its superior 
accuracy and convenience in use ; and his instruments have 
been introduced into numerous observatories. Circular in- 
stroments, on a lai^e scale^ have been placed in the Royal 
Observatory of Greenwich, and in most of the principal ob- 
servatories on the Continent of Europe. Although it is 
agreed on all hands that greater accuracy may be obtained 
by a repeating circle than by any other having the sBxae 
radius, ye1; there are some objections to its use which do not 
api^y to the altitude and azimuth circle. The following are 
the principal objections, as stated in vol. i. of the <* Memoirs 

■ of the Astronomical Society of London :" 1. The origin of the 
repeating circle is due to bad dividing^ which ought not to 
be tolerated in any instrument in the present state of the art. 
2. There are three sources of fixed error which cannot be 
exterminated, as they depend more on the materials than on 
.tjie workmanship ; first, the zero of the level changes with 
variations of temperature ; secondly, the resistance of the 
centre work to the action of the tangent screws; and, thirdly, 
the imperfection of the screws in producing motion and in 
securing permanent positions. 3. The instrument is applied 
with most advantage to slowly moving or circumpolar stars ; 
but in low altitudes these stars are seen near the horizon, 
where refraction interferes. 4. Much time and labour are 
expended, first in making the observations, apd again in re- 
ducing them. 5. When any one step in a series of observa- 
tions is bad, the whole time and labour are absolutely lost 
6. When the instnunent has a telescope of small power, the 

: observations are charged with errors, of vision which the 
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wpt fttfa ig circle will boI cnie. T. Thk inBtnuaent eaaaoC fas 
used as a transit instnimeivt, nor f(xt finding the «xact me- 
dian of a place. 

A great variety of directions is necessary in order to eoable 
the student of practical astroncnny thoroogkiy to understand 
and to apply this instrument to practice, which the limited 
nature of the present work prevents 'us from detailing. As 
this instrument consists of a variety of complicated pieoes of 
machinery, it is necessarily somewhat expensive. A six-iodi 
brass astronomical circle for altitudes, zenith or poJar dis- 
tances, azimuths, with achrt^natic telasc<^, ^., is mailed 
in Messrs. W. and 8. Jones's catalogue oi astronomical in- 
^ruments at i627 6$. A circle 12 inches in diameter, fironx 
£96 15». to £68 6«. An 18-inch ditto, of the best construc- 
tion, i6105. The larger astronomical circles for public ob- 
servatories, from 100 to 1000 guineas and upward, accosding 
to their size, and the peculiarity of their construetiaA. 

THE TRANsrr INSTRUMENT. 

A transit instrument is intended (ot observing ceksdal 
objects as they pass across the meridiui. It consists of a 
telescope fixed at right angles to a hmzontal axis, ^hich axis 
must be so support^ that what is called thi Ime if cf^kmm* 
iioHf or the line of sight of the telescope, may move in the 
plane of the meridian. This instrument was first invented 
by Romer in theyear 1689, but has -since received great im- 
provements by Troughtcm, Jones, and other modem vtists. 
Tmnsit instruments may be divided into two classes, P^iatie 
and Itxed, The portable instrument, when placed truly in 
the meridian, and well adjusted, may be advantageously 
used as a stationary instrument in an observatory, if its di- 
mensions be such as to admit d* a telescope of Bi feet focal 
length; but when the main tube is only from 20 to 30 inches 
long, with a proportional aperture, it is more suited for a tra- 
velling instrument to give the exact time ; and, when carried 
on board a ship in a voyage of discovery, may be taken on 
shore at any convenient pkce hr determining the solar time 
of that place, and for correcting the daily rate ci the chrono- 
meter, giving the time at the first meridian, so that the Icm^i* 
tude of the place of observation may be obtained from the 
difierence of the observed and indicated times, af\er the pro- 
per corrections have been made. 

The following is a brief description of one of Mr. Trough- 
ton's portable transit instruments. In fig, 90, P P is an 
achromatic telescope firmly fixed by the mkldle to a double 
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conical and horizontal axis H H, the pivots of which rest on 
angular hearings called Y's, at the top of the standard B B, 
rendered steady hy ohlique hraces D D, fastened to the cen- 
tral part of the circle A A. In large &xed. instruments, the 
pivots and angular hearings are supported on two massive 
stone pillars, sunk several feet into the ground, and are some- 
times supported hy mason-work, to secure perfect stahility. 
The axis H H has two adjustments, t)ne for making it exacUy 
level, and the other for placing the telescope in the meridian. 
A graduated circle, L, is fixed to the extremity of the pivot, 
which extends heyond one of the Y's, and the two radii that 
carry the verniers, a a, are fitted to the extremities of the 
pivot in such a way as to turn round independent of the axis. 
The douhle verniers have a small level attached to them, and 
a third arm, b, which is connected with the standard B hy 
means of a screw, 8. If the verniers are placed, hy means 
of the level, in a true horizontal position, when the axis of tho 
telescope is horizontal, and the arm b screwed hy the screw a 
to the standard B, the verniers will always read off the incli- 
nation of the telescope, and will enable the observer to point 

30* 
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it to any star by means of its meridian altitude. The whole 
instrument rests on three foot-ecrews enjtered into the circle 
A A. In the field of view of the telescope there are several 
parallel vertical wires, crossed at right angles with a hori- 
zontal one, and the telescope is sometimes furnished with a 
diagonal eyepiece for observing stars near the zenith. A 
level likewise generally accompanies the instrument, in order 
to place it horizontal by being applied to the pivots of the 
axis. 

In order to Bx the transit instrument exactly in the meri- 
dian, a good clock regulated to sidereal time is necessary. 
This regulation may be effected by taking equal altitudes of 
the sun or a star before and afler they pass the meridian, 
which may be done by small quadrants or by a good sextant. 
The axis H of the instrument is then to be placed horizontal 
by a spirit level, which accompanies the transit, and the 
greatest care must be taken that the axis of vision describes 
in the heavens a great circle of the sphere. To ascertain 
whether the telescope be in the plane of the meridian, ob- 
serve by the clock when a circumpokr star seen through the 
telescope transits both above and below the pole, and if the 
times of describing the eastern and western parts of its circuit 
be equal, the telescope is then in the plane of the meridian ; 
otherwise, certain adjustments must be made. When the 
telescope is at length perfectly adjusted, a landmark must be 
fixed upon at a considerable distance, the greater the better. 
This mark must be in the horizontal direction of the intersec- 
tion of the cross wires, and in a place where it can be illu- 
minated, if possible, in the night-time, by a lantern hanging 
near it ;. which mark being on a fixed object, wiQ. serve at all 
times afterward for examining the position of the telescope. 

Various observations and adjustments are requisite in order 
to fixing a transit instrument exactly in the plane of the me- 
ridian. There is the adjustment of the levels the horizontal 
adjustment of the axis of the telescope ; the placing of the 
parallel lines in the focus of the eyeglass, so as to be truly 
vertical, and to determine the equatorial value of their inter- 
vals ; the collimation in azimuth, so that a line passing from 
the middle vertical line to the optical centre of the object- 
glass is at right angles with the axis of the telescope's mo- 
tion ; the coUimation in altitude, so that the horizontal line 
should cross the parallel vertical lines, not cmly at ri^ht 
ang^les, but also in the optical centre of the field of view, with 
various other particulars, but of which our limited space will 
not permit us to enter into details. Those wjio wi?h to enter 
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into all the mintite details in i^ferejifce to the construction and 
practical application of this and the other instruments above 
described, as wdl as ail the other iiKstruments used by the 
practical astronomer, will find ample satisfaction in perusing 
the Rev. Dr. Pearson's Introduction to Practical Astronomy, 
.4to» vol. n* ^ 

A portable transit instrument, with a cast«iron stand, the 
axis m mches in length, and the achromadc telescope about 
2Q inchra, packed in a case, sells at about 16 guineas ; with 
a brass-framed stand and other additicms, at about 20 guineas. 
Transit instruments of larger dimensions are higher in pro- 
portion to their size, ^. 



CHAPTER III. 

ON OBSERVATORIES. 

Iw order to make observations with convenience and eflfect 
dn the heavenly bodies, it is expedient that an observatorv, 
or place for making the requisite' observations, be erected m 
a proper situation. The foflovnng are swne d* the leading 
features of spot adapted for making celestial observations : 
1. It should command an extensive viable horizon all abound, 
particularly towards the south and the north. 3. It should 
be a little elevated- above surrounding objects. 3. It should 
be, if possible, at a considerable distance from manufactories, 
and other objects which emit much smoke or vapour, and 
even from chimney-tops where no sensible smoke is emitted, 
ttk the heated air from the top of funnels causes tmdulations 
in the atmosphere. 4. It should be at a distance from swampy 
ground or vcdleys that are liable to be covered with fogs and 
exhak^ns. 5. It should not, if possible, be too near public 
roads, particularly if- paved with stones and frequented by 
heavy carriages, as in such situations undulations and tremu- 
lous motions may be produced injurious to the making of 
accurate observations with graduated instruments. 6. It is 
expedient that the astronomical observer shouM have access 
to some distant field within a mile of the observatory, on 
which a meridian mark may be fixed after his graduated 
instruments are propeiiy adjusted. The distance at w^ieh 
a meridian mark should be erected will depend in part on the 
focal length oi the telescope generally used for making obser- 
vations on the right ascensions and declinations of the stais. 
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It should be fixed at such a distance tha^ dw niaik may be 
distinctly seen without altering the focus of the telescope 
when aa justed to the sun or stars, which, in most cases, wUl 
require to be at least half a mile from the place of observa- 
tion, and more if it can be obtained. 

Obseryatories may be distinguished into public and privi^. 
A private obaerratory may be comprehended in a compara- 
tively small buildrng, or in the wmg of a building of ordinary 
dnnensions for a &mily, provided the situation is adapted to 
it. Most of our densely-peopled towns and cities, whidi 
abound in narrow streets and lanes, are generally unfit for 
good observatories, unless at an elevated position at their ex- 
tremities. Pubh'c observatories, where a great variety of 
instruments is used, and where different o^ervers are em- 
ployed, require buildings of larger dimensions, divided into a 
considerable number of apartments. The Observatory of 
Greenwich is composed principally of two separate buildings, 
one of which is the observatory properly so called, where tne 
assistant lives and makes all his observations ; th^ other is 
the dwelling-house in which the astronomer roytd resides. 

, The former consists of three rooms on the ground floor, the 
middle of which is the assistant's sitting and calculating 
room, furnished with a small library of such books only as 
are necessary for his computations, and an accurate clock 
made by the celebrated Gmhcun, which once served Dr. 
Halley as a transit clock. Immediately over this is the 
assistant's bedroom, with an alarum to awake him to make 

. his observations at the proper time. The rocon on the eastern 
side of this is called the /ran<t7-ioom, in which is an eight- 
feet transit instrument, with an axis of three feet, resting on 
two pieces of st<me, made by Mr. Bird, but successively hn- 
proved by Messrs. Dollond, Troughton, and others. Here is 
also a chair to observe withy the back o( which lets down to 
any degree of elevation that convenience may require. On 
the western side is the quadrant-room^ with a stone pier in 
the middle running north and south, having on its eastern 
face a mural quadrant of eight feet radius, by which observa- 
tions are made on the southern quarter of the meridian, 
through an opening in the roof of three feet wide, produced 
by means of two sliding shutters. On the western face is 
another mural quadrant of eight feet radius, the frame of 
which is of iron and the arch of brass, which is occasionally 
applied to the north quarter of the meridian. In the same 
loom is the &mous zenith jsector, twelve feet long, with which 
Or. Bradley madie the observations which led to the dkcovery 



oi tbe imtaliOQ of the eavth's axis* and the aberratiim of tbe 
fight of the fixed stars. Here are also Dr. Hooke's reflecting 
quadrant, and three time-keepers by Harrison, On the south 
side of this room a small wooden building is erected for the 
purpose of observing the eclipses of Jupiter's satellites, oc- 
cultations of stars by the moon, and other phen<«nena which 
require merely the use of a telescope, and the true or mean 
time. It is furnished with sliding shutters (m the roof and 
sides lo^ view any part of the hemisphere from the prime ver- 
tical down to the a<mthern horizon. It contains a forty-inch 
achromatic with a triple object-glass, and also a five-feet 
achromatic by Messrs. John aild Peter Dollond, a two-feet 
xeflactin^ telesoppe by Edwards, and a six-feet reflector by 
Herschel. Above the dwelling-house is a large octagonal 
room, which is made the repository for certain old instru- 
ments, and for those which are too large to be used in the 
other apartments. Among many other instruments, it con- 
twis auoL excellent ten-feet achromatic by DoUond, and d six- 
feet reflector by Short. Upon a platform, in an open space, 
is erected the great reflecting telescope constructed by Mr. 
RamagB of 'Aberdeen, en the Herschelian principle, which 
has a speculum of 15 inches diameter and 25 feet ibcal 
length, remarkable for the great accuracy and brilliancy with 
which it exhibits celestial objects. Various other instruments 
of a large s^e and of modern construction have of late years 
been introduced into this . observatory, such as the large and 
splendid transit instrument constructed by Troughton in 1816, 
the two large mwal circles by Troughton and Jones, the 
transit dock by Mr. Hardy, and several other instruments 
and apparatus wbich it would be too tedious to enumerate 
and describe* 

Every observatory, whether public or private, should be 
furnished with the following instruments: 1. A transit in- 
atrument for observing the meridian passage of the smi, 
planets, and stars^ 2. A good clock, whose accuracy may 
be depended upon. 3. An aohrom^Xic telescope of at Imst 
4A inches focal diatanccj with powers of from 45 to 180, for 
viewing planetary and other phenomena ; or a good reflect- 
mg telescope at least three feet loQg, and the speculum five 
inches in diameter. 4. An equatorial instrument, for view- 
ing the stais and planets in the daytime, and for finding the 
right ascension and declination of a comet, or any other ce- 
lestial pheaiomenon. Where this instrument is possessed, 
and m cases where no great degree of accuracy is required, 



d58 • Tn AirrsM's oamaTAToiT* 

the equatorial may be made to aerve the geneial purposes of 
a transit instrument. 

A private observatory might be constructed in any house 
which has a commanding view of the heavens, provided there 
- IS an apartment in it in which windows may be placed, or 
openings cut out fronting the north, the south, the east, and 
the west. The author of this work has a small observatory 
erected on the top of his house, which commands a view of 
20 miles towards the east, 80 miles towards the west and 
northwest, and about twenty miles towards the south, at an 
elevation of more than 200 feet above the level of the sea and 
the banks of the Tay, which are about half a mile distant. The 
apartment is 12i feet long by 8i. wide, and 8i feet between 
the floor and the roof. It has an opening on the north, by 
which observations can be made on the pKole star ; a window 
on the south, by which the meridian passages of the heavenly 
bodies may be observed ; another opening towards the east, 
and a fourth opening, consisting of a door, towards the west. 
There is a pavement of lead on the outside, ail around the 
observatory room, enclosed by a stone parapet Si fieet high, 
the upper part oif which is coped with broad ^t stones, in 
certain parts of which grooves or indentations are made for 
receiving the feet of the pedestal of an achromatic telescope, 
which form a steady support for the telescope in the open air, 
when the weather is calm and serene, and when observations 
are intended to be made on any region of the heavens. By 
placing an instrument on this parapet, it may be directed to 
any point of the celestial canopy except a smaH porticm near 
the northern horizon, which is partly intercepted by a small 
hill. In the Mowing ground plan, fig. 01, AAA is the 
parapet surrounding the observatory room ; B B B, a walk 
around it nearly three feet broad, covered with lead. O is 
the apartment for the observatory, having an opemng, C, to 
the north ; another opening, D, to the east, £ is a window 
which frcmts the south, and F is a door froming the west, by 
which an access is obtained to the open area on the outside. 
G H I is an area on the outside towards the so\ith, covered 
with lead, 15 feet long from G to H, and 6i feet from E to I, 
from which a commanding view of the southem^eastem, and 
western portions of the heavens may be obtained : eeee are 
positions on the top of the parapet where a telescope may be 
conveniently placed, when observations are intended to be 
made in the ppen air. The top of this parapet is elevated 
about 30 feet from the level of the ground. On the roof of . 
the observatory, about 12 feet above its floor, on the outside, 
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is a pltttfonn of lead, surrounded by a railing six feet by five, 
with a seat, on which observations either on celestial or ter- 
restrial object^ may occasionally be made. K is a door or 
hatchway, which forms an entrance into the observatory from 
the apartments below, which folds down, ^nd. forms a portion 
of the fioqr. 

In the perspective^ view of the building fronting the title- 
page, the position and general aspect of the observatory part 
of the building may be more distinctly perceived. 

In pubhc observatories, where zenith or polar distances rc- 
ouire to be measured, it is necessary that there should be a 
dome,^with an opening across the roof, and down the north 
and south walls. Should an altitude or azimuth circle, or an 
equatorial instrument be used, they will require a revolving 
roof with openings and doors on two opposite sides, to enable 
an observer to follow a heavenly body across all the cardinal 
points. The oppnin^ may be about 15 inches wide, and the 
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roof need not be larger than wliat itf requisite for giving room 
to the obeenrer and the instrument, lest its bulk and weight 
should impede its easy motion. There have hern yarioQs 
plans adopted for revolving dom^es. Fig. 92 represents a 
section of the rotary dome constructed at East Sheen by the 




Rev. Dr. Pearson. This dome turns round on three detached 
spheres of lignum vitse, in a circular bed, formed partly by 
the dome, and partly by the cylindrical frame-work which 
surrounds the circular room of nine feet diameter. A section 
of this bed forms a square which the sphere just fills, so as to 
have a small play to allow for shrinking; and when tie 
dome is carried round, the spheres, having exactly equal 
diameters of 4i inches each, when placed at equfd distances 
from one another, keep their relative places, and move toge- 
ther in a beautifully smooth manner. These spheres act as 
friction rollers in two directions at the four points^ of contact, 
in case any obstacle is opposed to their progressive motion 
by the admission of dirt, or by any change of figure of the 
wood that composes the rings of the dome and of the gang- 
way. No groove is here made but what the weight of the 
roof restmg on the hard sphere occasions. The d<«ne itsetf 



mttes tmixm vcmsA At the Mis' o&ee, und he^ in tiite mmf^ 

W7«tt*« pateirt copper, me sqtisre fMt of wkieh w«igkft ic^ 
vfaidfupotnid; and ttieTOpp^i»«otimiML0Vttrth% MMi 
tlMt ic k at tbiF pasrte ofjuiicdon tkait Q«t msniglfe tiiii isMiiit 
A ihm wkofo dome. The ctffetiaag u iatefided to raadtt <W 
ioiim tnbra pemanMrt than if it h«d been «uide of imd 
done. At ^ cfaserratory at Quftbiidge the domfe k IMfo 
ebi^ of jMto. in the %ar^, a a nnpres^nts one ef tha t#« 
obtoag doon ^hat meiet at the apea ot the cone^ aad a pMir 
ef shee^^opper, bent Dter the apper end of ^ dddr w^ftth 
ehats last, k»eps the rain from eittering at the plane ef ym^ 
iagm. . The two halvee of the dome aie ani^ bjr biaar ««ia 
paseng timmgh the door-cheeks of waitiacot ataahda^y 
MKaas of ants that aerew upon'their ends, which vaiea aUowa 
the dome to be sepamted intx) two parts when there may b% 
occasion to displace it. The wooden plate if 6, which appei^ 
in a straight line, is a circular broad ring, to which the cover- 
ing wainscot boards are made £Mt above the eaves, and c c 
is a similar ring forming the wall-plate or gang-way cm which 
the dcnne rests dr revolves. 




V'lM. M^ ikt^mfi a smaQ dMr !^t ti€» ev«r tike ataMtilt 4[ 
ib^ WDme, and ihay be eepatatehr opened %t imalh. <>beemt- 
tSoiis ; tiffe rod of iM«at, with a ftng at the low^ ehd {iasfe^ 
through it, serves to tfp^h tttid shut this door, and m the saiM 
^e carties upon its tipper etid a large bail, Whkli ftlfe back 
on the roof when the doc^ is bpen, and keeps the dM: ¥k H 
sirQaiticM tb be acted ttpdh by the hook of a handle thtft k 
ns^d fot this purpose. The doors ^ a^ bekif tii^ed, sj^ 
made to opete ih two halves, the upper one beiag epeiv^d firii, 
on aceount ^ Its eoveringlhe e^ of the other ; and the ob^ 
server rttty opeh one or two -doort, as majr be** wift his j^ttK 
pose. Im weight xX this dome n sncn that a odtipfe 1^ 
wedges, ioseited by a gentle blow betti^een the Htifs i h «M 
e t, wiM keep it in its aittiaftiovi under the InftMfte^ ^tlM^ 
Stiioiige^ wind. 

It may not be im^ropterlo remaA,thiftfc idl.f*^^ 
aM. m €fi%ry apaHtn^it wnere oelestiai oD%eriin.iOM aie iirawv 
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ih&m shooU, if posrifaiey be a uiaform tempentare ; «nd, i 
•eauently, a ire should nerer be kept in such places, particu- 
kny when observations are intended to be made, as it would 
eanse currents of air through the doors and other openingB 
which would be injorioiis to the accuracy of obeervatioiis* 
When a window is opened in an ordinary aparta^t where 
a fire is kept, there is a current of healed air which rushea 
out at the top, and a current of oold air which rushes in kcfia 
below, producing agitatiens and undulations which prevent 
vnaoL a good telescope from showing cdestial objects distinct 
and weU defined ; and I have no doubt that many young ob- 
■errers have been disappointed in their riews of celestial phe-^ 
nomena from this circumstance, when viewing the heavenly^ 
bodies from heated rooms in cold winter evenings, as thie 
aerial undulations before the telescope prevent distinct visiim 
ef such objects as the belts of Jupiter, the spots of Mars, and 
the rings of Saturn. 



CHAPTER IV. 

ON OIBSRUS OR FLANBTARIUMS. 

Aif orrery is a machine for rejpresenting the order, the 
motions, the phases, and other phenomena of the planets. 
Although orreries and planetariums are not so much in use 
as they were half a century ago, yet, as they tend to assist 
die conceptioiis of the astronomical tyro in regard to the mo- 
tions, order, and positions of the bodies which compose the 
sdar system, it may not be inexpedient shortly to describe the 
principles and constructicHi of some of these machines. 

The reason why the name Orrery was at first given to 
such machines is said to have been owing to the following 
circumstance : Mr. Rowley, a mathematical instrument maker, 
having got one from Mr. Gborge Graham, the original inven- 
tor, to be sent abroad with some of his own instruments, he 
copied it, and made the first for the Earl of Orrery. Sir R. 
Steele, who knew nothing of Mr. Grahaim's machine, think- 
ing to do justice to the first encourager, as well as to the in- 
ventor of such a curious instrument, called it an Orrery, and 
gave Mr. Rowley the praise due to Mr. ,Gmham. The cm* 
struction of such machines is not a modern invention. The 
hdlow sphere of Archimedes was a piece of mechanism of 
i)m kind, having been intended to exhibit the motions of the 
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sun, the moon, and the fire planets according to the Ptolemaie 
system. The next orrery of which we have any account was 
that of Posidonius, who lived aboat 80 years before the 
Christian era, of which Cicero says, ^^if any man should 
carry the sphere of Posidonius into Scythia or Britain, in 
every revoluticm of which the motions of the sun^ moon, and 
five planets were the same as. in the heavens each dly and 
night, who in those barbarous countries could' doubt of its be- 
ing finished,, not to say actuated, by perfect reason ?*' The 
next machine c^ this kind which hustory records was coo- 
s^cted by the celebrated Boethius, the Christian philosopher, 
about the year, of Christ 610, of which it was said " that it 
was a machine pregnant with the universe— « portable 
heaven — a compendium of all things." After this period 
we find no instances of such mechanism of any note till the 
16th century, when science began to revive and the arts to 
flourish. About this time the curious clock in Hampton 
Court Palace was constructed, which shows not' only the 
hours of the day, but the motions of the sun and moon 
through all the signs of the zodiac, and other celestial p^^eno- 
mena. Anotfier piece of mechanism of a similar kind is the 
clock in the Cathedral of Strasburg, in which, besides the 
clock part, is a celestial globe or sphere with the motions of 
the sun, moon, planets, and the firmament of the fixed stars, 
which was finished in 1574. 

Amon^ the largest and most useful pieces of machmerv of 
this kind is the great sphere erected by Dr. Long, in' Pem- 
broke Hall, in Cambridge. This machine, which he called 
the Uranium, consists o( a planetarium, which exhilnts the 
motion of the earth and the primary planets, the sun, and th« 
motion oi the moon round the earth, all enclosed within a 
sphere. Upon the sphere, besides the principal circles of the 
celestial globe, the zodiac is placed, of a breadth sufiieient to 
contain the apparent path of the mocm, with all the sturs over 
which the moc»i can pass ; also the ecUptic, and the helio- 
centric orbits g[ all the planets. The Earth iii the planetarium 
has a movable horizon, to which a large movable brass circle 
within the sphere- may be set coincident, representing the 
plane of the horizon continued to the starry heavens. The 
horizons, being turned rpund, sink below the stars on the 
east side, and make them appear to rise, and rise above the 
stars on the west side, and make them apj)ear to set. On the 
other hand, the earth and the horizon being at rest, the 
sphere may be turned round to represent the apparent diur- 
nal motion of the heavens. In order to cconj^ete his idea on 



im ifbich «beve 80 p^vtoi^ might sk «Qii¥QmeQtly^ Ihe «( 
nance lo wiiicli 19 oyer Ue mMh pole by mx sl^p^. Tk 
ftuM of the spbeve c(WMBita of e D^mhet of ixosi mei^m^ 
ihQ QortbiBm efidB d which axe brewed to a tar^ 9&^ 
ttiatfi of biaae widx a hole in the eent^ of it ; thvcMii^. thi? 
hole^^QBi a beam in the eeiling* eom^ the nc^rth poW» a 
Wild iroQ rod about three iadhee h^g, aftd which mp^opfi 
the upper pazt of the sphejie itot ita pniper ^tatie^ ^r A^ 
iMimiia of GaiabHdge* eo m^ieh of il aa ie ]iiYi9ihle im i^ 
httdl being cut oft aad the lower or 9o«ytbe«a e»d8 of the 
mettdiana teimiai^ on» and am 8<»ewed down to, a alroPlg 
absle ef oak IS feet in diaveoter, which, wh^n the $phe?e ifi 
fiH i» lunion, nms tg^ liu-ge rollere of Ugwrn Tito^ in 4^ 
manner that the tope of ao«^ wxndmille tnm i!Ound. . V^^ 
d)ui iffoa mendiaoe ie Sxed a zodiac of tin piunled Uae, on 
whiek the ecUptie and the belioeentriq oTbiit^ of the p]an^ 
aie dwRHU. end the state and conetfeKati^EMB tiaioed. The 
whale ja tamed sound with a email wineht wjtLk aa lUtl# 
kkmai m k lakee to wind np a jaek, al^ikongh the we^hl ef 
ihe limit tin, and the wooden eii^ele ia abcwe a thonaan^ 
•poonda* TUe maohine, thoa^ now aoanewhat naglaiN^ 
mmt ttiU ha sei^i in Pembroke Hall, Cambri^gdu wh«fe I 
haa an oMpeitnnity of inepeetmg it in Noitm^* 1#39< Th^ 
essential parts of the machine still remain neaij^ in the WO^ 
alaie an Irh^ arig^villY ccomtmcted io 1758. 

The n)aehin^ which I shall now d^Boribe is of a n^^ 
sMtttter and lesa complex description than th^ which hae 
been sseifted. ahore^ and mav be made for a eov^^aiali^d^ 
aiMiU eAftense» white it ei^h&ita with salient accnraey th^ 
aofiticna, phasea, ai)d positiona of all the p»»ar]f pla^Wi wil^b 
Ihe exKe^^ien of the new planets, which cannot be acQi^alely 
nepsaaented en aeconnt of their orbits croaiing each oihej*. 
In order to the ^onatmetion of the planetarium te whkh I 
attude^ we must c<»apaY0 the, prq^ion whioh tho annual 
reTohUMtti of thts prifioiary planed bear to that ^ the Kaurth. 
Thia pa^K)rti^ it expieim4in the fbJiswing tables im whifik 
die inl colnwi ia the time of the SMth'a period in days; 
Ihe secmdt that of the planeta^ and thei tls^rd and f<^rtb are 
nnmheit very nearly m thd sao^ proportiw to each edker : 

am: 8S ::8a9 Sd for MeNUvv. 

861^ : 4Sm : : T : 83 for Juphcr. 
3651 1 10g»ft| : » S:14aforSalURk 
a<4i > aom^ » ^ 3 : 8^$ 6Hr Ui^naa. ^ 
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On aceount of the immber of teeth required for the wheel 
which moves Uranus, it is frequently omitted in planetariUms, 
or the planet is placed upon the arbour which supports Sa- 
turn. If we now suppose a spindle or arbour with six wheels 
fixtd upon it in a horizontal position, having the number of 
teeth in each corresponding to the numbers in the third co- 
lumn, namely, the wheel A M (% 93) of 83 teeth, B L of 

Figuf 93. 




52, C K of 50, for the earth, D I of 40, E H of 7, and F Q 
of 6 ; and another set of wheels moving freely about an ar- 
bour having the number of teeth in the fourth column, name- 
ly, A N of 20, B O of 33, C P of 50, for the eart^ D a of 
76, E R of 83j and F S of 148 ; then, if these two arbours of 
fixed and movable wheels be made of the size and fixed at 
the distance here represented, the teeth of the former will 
take hold of those of the latter, and turn them fre«ly when 
the machine is in motion. These arbours, with their wheels, 
are to be placed in a box of a prc^r size, in a perpendicular 
position ; the arbour of fixed wheels to move in pivots at the 
top and bottc«n of the box, and the arbour of the movable 
wheels to ^ through the top of the box, and having on the 
top a wire fixed, and bent at a proper dktance into alright 
angle upward, bearing on the t(^ a small round ball repve- 
•jenting its proper planet. If, then, on the lower part <tf the 
arbour of foced wheels be placed a pinion of screw-teelh, a 
winch turning a spindle with an endless screw, playing in 
the teeth of the arbour, will turn it with all its wheels, and 
these wheels will turn the others about, with their planets, 
in their proper and respective periods of ^me ; for while the 
fixed wheel C K moves its equal C P once, round, the^ wheel 
A M will move A N a little more than four times round, and 

31* 



iriB eosMqueBtly exhiVit the aMAiott ^ Mfimijp; tM fA^el 
S H vili turn the wheel £ R aboul -^th 9WMi4» iQpr^^eotiM 
the piopoitioiial rooticm of lapiler; a^ ^ wh9<il F Q ww 
imm tM wheel F S abom vivdi looiid* a«4 lep resex^ tbe 
aotkm of Setnnif asd aecf aH tM leaU 

The feUowing inie (fig. M) repiee«»le lh« app^mmoQ^ 
if the ioetrament wheii con^kted. Upo« ih^ «ppe? part oif 
the circular box is pasted a zodiac circle divided into 12 signs, 
and each sign into 30 degrees, with the corresponding days 
of the monUi. The wheel-work is understood to be within 
the box, which may either be supported by a tripod, or with 
four feet, as here represented, llie moon and the satellites 
of Jupiter, Saturn, and Uranus, are moTable only by the hand. 
When the winch W is turned, then all the primary planets 
are made to moye in their respective velocities. T^e ball in 
the centre represents the Suo, which is. either made of brass, 
or of wood gi Ided with gold. 




Bf this plaBetaniun, ainple as its. coosty^ciioR maj a|ppear> 
a imriffty ot interesting exfiibitiQns may be xpad^ i^d prob- 
kms penbrmed, which may be conducive to the in^ti^oiion 
of young shidents of Asti^nomyi I shall mention only a few 
of these ae specimens. 

1. When the planets are pkced in their respe<:tive posi- 
tiooa by meant of an ephemeris or the Nautical Almanac, the 
ndajdve positions of these bodies in reapect to. ea^h oth^r, the 
^varters.of the heaTeas where they may be obs^fTedf wi 
whether they are ta be seen in the m<»ming hefore swm^ or 
ift. tike areniagafter stinset, may be at onqe deternuned* For 
•xainple# on the 19th of December, 1844, the heti^cmtfic 
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|daMi ti thi^ plmts nm aa foUows : Uraiiii9^ 2^ of Arm; 
Sfttura, 8** 27' of Axmariqj ;. Jupitef, 7° 4' of Ari«s ; Mara, 
ly' 46' of librnj the Bartb, 87^ 40' of Gemiai; Veiww, 
»** 46^ of Yurgo; Mewsunrt 7^ §8' of Piaces. Whe^ thp 
pkaeeta ure placed m. th^ pJi^sieitanum in these poeiti^n^, fvoA 
the ew pkced in a Use wHh the baUe representing the Earth 
and Uke Sun^aU theee sitnaled to the li^ ef the Mn are to th^ 
«aM of hin, and are to he seen m the evenis^ aiyi thoee op 
t&e right m the mommg« In the preaent €aae» Ukuhis, S^ 
tarn, Jupiter, aad Mercnry are eyening starry and Mara and 
Venus can only be seen in the morning. Jupiter ie in an 
aspect nearly fuor/tfe, or three signs (Gstant from the sun, 
V and UraBus is nearly in the same aspect. Satum is much 
^ nearer the suti^ a»d Mercury i» not far from the period of i^ 
greitfest eaatem ehmgatioo. Mars is not far from being in a 
^nartile aspect we$t of the sifn^ and Venus id near the same 
potni of the heavens, approaching to the period of its greatei^t 
teeiiem elongation, and ca^g^eequently will be seen beibfe 
sunrise as a beautiful morning star. Jupiter and Uranus, to 
the east of the sun, appear nearly directly opposite to Venus 
/ and Mars, which are to the west of the sun. The phase* of 
Venus is nearly that of a half moon, and Mercury is some- 
what gibbous, approaching to a half-moon phase. If, now, 
we turn the riiachine by the winch till the index of the earth 
point at the 8th of August, 1845, we shall find the planets in 
the following positions : Mars and Saturn are nearly in oppo- 
sition to the sun ; Venus and Mercury are evening stars, at 
no great distance from each other, and Jupiter is a morning 
star. In like manner, if we turn the macnine till the index 
point to any future ii^onths, or eve^ succeeding vears, the 
ywdoiam aspects and positions of the planets may he plainly, 
pereeired. When the planets are moved by the winch in 
diis machine, we siee them all at 9nc€ in motion around the 
son, with the same respective velocities and periods of revo- 
hition. which they have in the heavens. As the planets are 
nepreaented in the preceding positions, Mercury, Jupiter, and 
"NboB are evening stars, and Venus, SaturQ, and Uranus 
morning stars, if we aupposiQ the eardi placed in, a Une with 
our eye and the sun. 

2. By this instrument, the truth of the Copemican or solar 

* TIm balls which repittaent the different plaiMts on this mscdune huTe 
thcor hAiv'^pherea painted bl«fck. with the white side turned directly to 
the sun, ao that if the eye be placed in a line with the earth and the 
planet, particularlsr Mercury ana Venus, its phase in the heavens at that 
Ikne, as yiew^Ml with a telescope, may betbatiactiy perceived. ' 
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ayatem m clearly represented. When the ^n^s an is 
motion, we perceive the planets Venus and Mercury to pass 
both before and behind the sun, and to have two conjunc- 
tions. We observe Mercury to be never more diaA a certain 
angular distance from the sun as viewed from the earth, 
namely, 27**, and Venus 47°. We perceive that the superior 
planets, particulariy Mars, will be sometimes much nearer to 
the earth than at others, and therefwe must appear lai^r at 
one time than at another, as they actually appear in the 
heavens. We see that the planets cannot .appear from the 
earth to move with uniform velocity ; for when nearest they 
appear to move faster, and slower when most remote. We 
likewise observe that the planets appear from the earth to 
move sometimes direct or firom west to east; then become 
retrograde, or from east to west, and between both to be sta- 
tionary j all which particulars Exactly correspond with cek»9- 
tial observations. For illustrating these particulars, there is 
a simple apparatus, represented by fig. 95, which consists 

• Figttre 95. 




of a hdk)w wire with a slit at top, which is placed over tlw 
arm (tf Mercury or Venus at E. The arm P Q represents a 
ray of light coming from the planet at D to the earth at P. 
The planets being then in motion, the planet D, as seen in 
the heavens finom the earth at F, will undergo the several 
changes of position which we have described above, some- 
times appearing to go backward, and at other times fwward. 
The wire prop, now supposed to be placed over mercury at 
£, may likewise be placed 6ver any of the other planets, 
particularly Mars, and similar phenomena will be exhibited. 

This machine may likewise be used to exhibit the falsity 
of the Ptolemaic system, which places the Earth in the centre, 
and supposes the sun and all the planets to revolve around it. 
For this purpose, the ball representing the Sun is removed, 
and placed on the wire or pillar which supports the Earth, 
and the ball representing the Earth is placed in the centre. 
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t will then be ohaeanreA that tbei {dasete Mercury and Venus, 
being both within the orbit of the sun, cannot at any time be 
seen to go behind it, whereas in the heavens we as often see 
them go behind as before the sun. Again, it shows that as 
the planets move in circular orbits about the central earth, 
they ought at all times to appear of the same magnitude, 
whue, on the contrary, we observe their apparent magnitudes 
in the heavens to be very variable. Mars, for example, appear- 
ing sometimes nearly as large as Jupiter, and at other times 
only Hke a small fixed stat. Again, it is here shown that the 
planets may be seen at all distances froq^ the sun ; for ex- 
ample, when thg sun is settings Mercury |pid Venus, accord- 
ing; W ihw au p am^wHUii i j W Mg ht W seen, i^ sabf in tlm With, 
but^^ven in the eastern q^j^i? of i^ ke^vena; a pheaoiiienon 
whjich w%i| uftver t&L ol^f ve^ ipt any s^ Mwiwy |iever 
appiearing bi^yoa* 27^ of tibe Soaa, mt TeHW hayoni 48^. 
In ihort^ accc^rdi^ to the ^t»m thus s^p^^a^iJb^ il Wseen 
thai the iftQtioo^ «| t£e j^»Wdt» afe^uW a^ 1|^ loytUi , an^ uni- 
foniMy tJ» www i» •wry f^^ ^ th^ir orbitSj^ atiif tha^ they 
shoiJH fl^ mm^ iHe mB>» way^ QaxAi5^« tmi we«f^ (o east ; 
whereas hi the heavefts they are seeft te iMi¥^ with iwaiable 
yelocities, sometimes appearing stationary, and sometimes 
moving firotn east tot weist«, add ivom w«sit to^ Qa$t : all which 
drcumsteneea plainly prove that th^ PtotesKaai^. mwaa^ be ^ 
true system of the univeii^. 

A planetarium such as that now described might b^ eoa- 
itnicted with brass wheel-work for about five guineas. The 
hfmss wheel-work of one which I long since constructed co^t 
about three guineas, and the other parts of the apparatus 
about two guineas more. The IbUowing are the pyiees of 
some inatnunents of this kind as made by Messr^^ Jones, 
80 Lower Holbom, London : "An orrery, showing the tb^" 
tions of the Earth, Moon, and the inferkn: planets. Mercury, 
sad Venus, by wheel-work, the board on which the instru- 
ment moves being 13 inches diameter, S4 14^. 6J. A 
pknetariiun, showing the motioiw of all the primary planets 
if wheel-<wotk with li inch or three-inch papered globes, 
ftccofdin^ to the whe«l-wodc and the neatness of the standi, 
from £7 178. 6d. to ifilO 10*. Ditto, with wheel-work to 
ahow ^e parallelinn of the Earth'a axis^ the motions of th^ 
Moon, her phases, &c., £IS 19a» Ditto, with wheetwork 
Id show the Earth's diurnal moti(»), on a brass stand in m^ 
hogany case, £2^ la. A small Ulhtrian^ showing the motion 
tf he Eaitb and Moon, &c., £1 Sa.*' 
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The follo\^*ing is a description of the most complete and 
accurate planetarium I have yet seen. The calculations 
occupied more than eight months. For this article I am 
indebted to my learned and ingenious friend. Dr. Henderson, 
F.R.A.S., who is known to many of my readers by his ex- 
cellent astronomical writings. 




Section of the wheel-work of a planetarium for showing 
with the utmost degree of accuracy the mean tropical revob- 
tions of the planets round the sun, calculated, by £• Hender- 
son, LL.D., &)c. 

In the aboTe section the dark horizontal lines repres^t 
the wheel-work of the planetarium, and th6 annexed numerals 
the numbers of teeth in the given wheel. The machine has 
three axes or arbours, indicated by the letters ABC. Axis 
♦*C," the «* yearly axis," is assumed to make one reyohjtton 
in 365.242286 days, or in 365 days b^ 48* 49.19», and is 
furnished with wheels 17, 44, 54, 36, 140, 96, 127, 85, 
which wheels are all firmly riveted to said axis, and conse- 
quently they turn round with it in the same time. Axle 
^ B" is a fixture ; it consists ci a steel rod, on which a sys- 
tem of pairs of wheels revolve ; thus wheels 40 and 77 are . 
made fast together by being riveted on. the same collet, repre- 
sented by the thick, dark spacfe between them, as also of the 
rest f the seveml wheels on this axis may be written down 
thus : 4?, ^Vs. M. I?. 30, f J, ij, i|. &6, n, 13. On aiia 
A, a system of wheels, furmshed with tubes, revolve, and 
these iubes carry horizontal arms, supporting perpendicular 
stems with the planets. The wheels on this axis are 173, 
I4J, 111, 119, f|§, 114, 83, 239, 96, 128, 72. From the 
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foUowing short description, th« nature of their several actions 
will, it is presumed, be readily understood, viz. : 

Mbrcury's Periodw — On the axis " C" at the bottom is 
wheel 86, which turns round in 365 days 6^ 48" 49.19*. 
This wheel impels a small wheel of 22 teeth, to which is 
made feat wheel 67, both revolving together at the foot of 
axis B ; wheel 67 drives a wheel of 72 once round in the 
period of 87 dayB 23?" 14"» 36.1* : this last-mentioned wheel 
has a long tube, which turns on the steel axis A, and carries 
a horizontal arm with the planet Mercury round the sun in 
the time above noted. 

Vbnus's Period.— On axis "C" is wheel 127, which 
drives wheel 47, to which is riveted a wheel of 77 teeth, 
which impels a wheel of 128 teeth oit axis A, and causes it 
to make a revolution in 224 days 16^ 41" 31.1% and is fur- 
nished with a tube, which revolves over that of Mercury, and 
ascends through the cover of the machine, and bears an arm 
on which is placed a small ball representing this planet in 
the $ime stated. 

The Earth's Period. — ^The motion of the Earth round 
the Sun is simply effected as follows : the assumed value of 
axis "C," the "yearly axis," is 365 -days 5^ 48" 49.19*;, 
hence a system of wheels having the same number of teeth, 
or, at all events, the first mover and last wheel impelled, must 
be equal in their numbers of teeth. In this machine three 
wheels are employed, thus : a wheel having 96 teeth is made 
fast to the yearly axis C, and of course moves round T^ath it' 
in a mean solar year, as above noted ; this wheel impels 
another wheel of 96 teeth on axis B, and this, in its turn, 
drives a third wheel of 96 teeth on axis A, and is furnished 
with a lon^ tube which revolves over that of Venus, and as- 
cends above the cover-plate of the machine, and bears a hori- 
zontal arm which supports a smaU terrestrial globe, which 
revolves by virtue of said wheels once found the sun in 366 
days 5* 48- 49.19*. 

Mars's Period. — ^The revolution of this planet is effected 
as follows : a wheel of 140 teeth is made fast to the yearly- 
axis C, and drives on axis B a wheel of 66 teeth, to which 
is fixed a wheel of 69 teeth, which impels a large wheel of 
239 teeth on axis A once round the sun in 686 days 22^ 18" 
38.6': this last-n^entioned wheel is also furnished with a tube ' 
which revolves over that of the earth, and carries a horizontal' 
ann bearing the ball representing Mars, and causes it to com- 
plete: a revolution round the Sun in the period' named. 
; THE ASTEBdlDS^VtsTA's PER^.-^The period of 



TMte ift lACMnpUslied dias, rix. : cm ite j^etAf uift € m 
made fast a wheel of M teeth, -vrhich 4Wr^ k wheel «f M 
teeth on axie B, to which )» fixed & wheel t^41 te^Ch, %luch 
impeb a whetel of SB toelh on nm A once rocmd in 1989 
dayt 0^ 21* 19.8*; the tube of whieh tet t«teei t^^eeiMls oa 
that of Mai«,and h1te the leKt, beurs Itn enfi ««ip^ttti6j^ a hi^ 
l^^presenlinf this planet. 

JoiiD'f PKiiioD.^**^or tiie l-evolotien of Ix^M, ^e y«i^ 
axis € is Airnbhed TtrKh a wheel of 54 te^h whidi tet>di» % 
wheel of 60 >teeth on iuds B, to which ill flialte fa«t It wlie^l 
of 27 teeth, which turns a wheel of 127 t^eth oA &Xi» A OKit^ 
round in 1590 dajni 17^ SB* 2.7", and dte tdbe ^ w^di as- 
cends on that of Vesta, and suppoiti a horizontal tiftn^ift'^ich 
carms a small baH r^reaeath^o^ this ptk^e^ in the p^od 
named. 

Cerbi's Period. — ^The ievo]atk>n of Cer^s is de)i¥«d ft&ta 
the period of Juno, because wheel-worit taken from the unit 
of a sdar year was not sufficiently accurate for the pui^ofse^ 
therefore on Juno's wheel of 127 teeth is fixed a wheel of 12S 
teeth, which drives a thick little bevel sort of wheel of 80 
teeth on axis B : the reason of this small wheel beingbeveildi 
is to allow its teeth to suit both wheels Iff ; wheel 80 drive* 
wheel 130 on axis A once round in l6oi day^"6^ 17* t52.^, 
and the tube of whed 196 t^ims on the tube of Jttiofo, asd^a- 
ceikb in a similar manner with the reist, and Ciiirrieis « ked- 
zontal arm supporting a smaH ball representi^ ti^ ^to ft t , 
and 18 caused to revolve routvd the Sun in ^e i(bov4^e^ 
tioned period (the period of Ceres to that cf JuiM) is m 180 kr 
to 128 : hence the wheels used.) 

Paixab^s PsRion.— ^he period of Palks c««ild not hh 
derived from the solar year with sufficient irccumc^^ aiM r^ 
course was had to an inmfted fractidn on the period (^Ceie^ 
thtn : on wheel 190 of Ceres is mietde §M a whe%l ^f fVH 
teeth, which drives a wheel q( 81 teeth cm aidis B, to ivhich 
is fixed a wheel 79, which impels a wheel of tT9 tetfih <fk 
axis A, and is furnished with a tube which ascends, alid tlims 
on that of Ceres, and supports a horizontal ana), Which bears 
a small ball representing tin's planet, which by virtue eit ^6 
above train of wheels is caused to complete a reiVcduiion 
round U^ Sun ki 1681 day» 10^ 28* 2ft.l*. 

Ju^rrsaV PsIaoD.^— The motion Of this planet k derit^ 
from ihe juried of a solar year, frttn the **^yeariy axiij,** thu^: 
on tnis axis is made fast a wheel of 44 t^eth, which Itirtis a 
wheel of 94 t^th on axis B, to whieh is riveted a «mall ^h^ 
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whicb it furoMhed with an asceiidiBg tube which revobes 
avei that of Pallas, and beais a hprizontal arm which sup- 
ports 9 ball representing this planet, which by the said train 
of wheels is abused to resolve round die Sun in 4330 days 
14^39-35.7». 

S^TiJRii's PEWop.t^The periodic revolation pf Saturn is 
also taken from the soiar year« viz. : « small wheel of 17 teeth 
i« fixed to the " yearly axis" near its top^and drives a wheel of 
129 teeth cmaxis 6, to which i$ made &st a wheel of 49 teeth, 
which turns a wh^ of 190 teeth on axis A, whose tube as- 
Qcais and reyqlve? on that of Jupiter's tube, and sujpports an 
arm, having a baJl representing Saturn and its rmgs, and 
which by the train of wheels is caused to perform a revoiu- 
tion round the Sun in the period of 10,746 days 19** 16« 60.9-. 

Uranus's P^iion.^^The rcTolution of this pl^anet could not 
he attained with sufficient accuracy from the period of a. solar 
year : the ^leriod is ingrafted on that of Saturn's, thus : a 
wheel d" 117 teeth is made fast to wheel 190 of Saturn, and 
cwwequwuly revolves in Saturo^s period. This wheel of 
117 teeth drives a wheel on axis B having 77 teeth, to which 
is filled a wheel of 40 teeth, which turns on axis A a large 
wheel of 173 teeth, whose tube ascends and revolves over 
that of Satura, and carries a horizontal arm which supports 
a ball representing this planet, which is caused to cqmplete 
its revolution by such a train of wheels in the period of 30,589 
days 8** 36» 58«4'. Such is a brief description of the motions 
qf this cotnprehensive and very accurate machine* 

Tl^ axis A^ on which the planetaiy tubular wheels re- 
volve, perfcffms a rotation in 2p days 10 hours, hy virtue of 
the folk)wing train of wheels, fi+fj <^ ^ hours, that is, a 
pinion of 14 is assumed to revolve m 24 hours, and to drive 
a, wheel of 61 teeth, to which is fixed a pinion of 12, which 
turns the wheel 70 in the period noted ; to this wheel-axis it is 
made fast, and by revolving with it exhibits the Sun's rotation. 

DiUBirAi. Ha^ed.''— The maohine is turned by a handle or 
winch, which is assumed to turn round in 24 hours, and from 
this rotation of 24 hours a train of wheel- work is required to 
cause the '* yeiurly axis" C to turn (mce round in 365 days 
&^ 48» 49.19f, which is eflected in the following manner, viz, : 
the train found hy the process of the reduction of continuous 
fractions i* fi-f SV+^A* > that is, in the train for turning the 
Sun, the same pinion 14 turns the same wheel 61, and turns 
a piaioa cf 18 kaves, to which is fixed a wheel of 144 teeth» 
havii^ a pinion of 23 leaves^ which impels a large, whe^l of 
241 teeth cn^ round in366.242286 days^ or 365 days 5^ 48'^ 

Vol. IX. 32 
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49.19*. This last-mentioned wheel of 241 teeth is mtde fast 
to the under part of the •* yearly axis" C at D, the handle 
having a pinion of 14 leaves therefor, and/ transmitting its 
motion through the ahove train, causes the yearly axis to re- 
volve in the same period. 

Registratino Dates. — ^The planetarium is also furnished 
with a s}^em of wheels for registrating dates for cither 
10,000 years past or to come. The arrangement is not 
shown in the engraving, (to prevent confusion,) hut it might 
he shortly descrihed thus : near the top of the yearly axis is 
a hooked piece, e, which causes the tooth of a wheel of 100 
teeth to start forward yearly ; consequently, 100 starts of 
said wheel will cause it to revolve in 100 solar years ; and it 
has a hand, which points on a dial on the cover of the ma- 
chine the years : thus, for the present year, this hand will be 
over the number 45. This last-named wheel of 100 teeth 
has a pin, which causes a tooth of another wheel of 100 teeth 
to start once in 100 years ; hence this last wheel will com- 
plete one revolution in 10,000 years ; and it is for this pur- 
pose the former index or hand moves over a number yearly. 
The second index will pass over a number every 100 years ; 
for the present year, the second-hand or index will be over 
the number 18, and will continue over it until the first index 
moves forward to 99; then both indexes will move at one 
time, viz., the first index to O O on the first concentric circle 
of the dial, and the second index to 19, denoting the year 
1900, and so of the rest. By the ecliptic being divided in a 
series of four spirals, the machine makes a distinction be- 
tween common and leap years, and indicates the common 
year as containing 365 days, and the leap year 366 days, by 
taking in a day in February every fourth year ; thus, for any 
given period for 10,000 years past or to come, the various 
situations and aspects of the planets may be ascertained by 
operating with this machine, and this for thousands of yeara 
without producing a sensible error either in space or time. 
This planetarium wheel-work is enclosed in an elegant ma- 
hogany box of twelve sides ; is about five feet in diameter by 
ten inches in depth. At each of the twelve angles, or sides, 
small brass pillars rise, and support a large ecliptic circle, on 
which are engraven the signs, degrees, and minutes of the 
ecliptic, the days of the month, &C. This mahogany box 
with the wheel- work is supported by a tripod stand three feet in 
height, and motion is communicated to the several* balls repre- 
senting the planets by turning the handle as before described. 
A planetarium of this complicaled'sort costs sixty guineas^ 
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The following is a tabular view of the wheel-work, pe- 
riods, &c. : 



PlaneU' 



Merenry 
Vennt 
Th«£arUi 
Mars 

Vesta 
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Uranus 
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The Sun's rotation . . 

The tropical period of 
the Earth round the ' 
Sun 
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In the month of October last year, Dr. Henderson made a 
series of calcalations for a new planetarium for the use of 
schools. It shows with considerable accuracy for 700 days 
the mean tropical revolutions of the planets round the sun. 
The machine consists of a system of brass wheels peculiarly 
arranged, and is enclosed in u circular case three feet in dia- 
meter, the top of which has the signs and degrees of the 
ecliptic laid down on it, as also the days of the months, &c. 
This planetarium costs only 459., or, on a tripod stand, table- 
high, 559. : the machine is put in motion by a handle on the 
outside. To the teachers and others connected with educa- 
tion, this planetarium must be of great importance, for with- 
out a proper elucidation of the principles of astronomy, that 
of geography must be but confusedly understood. This 
planetarium is at present made by Mr. DoUond, 9 White 
Conduit Grove, Islington, London. 

The Tellurian is a small instrument which should be used. 
in connection with the planetarium fimnerly described. This 
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hutinment fa intended to show tke tonntd riiotioti «f the 
earth, and the reyolution of the moon around it. It a^ ilhtt- 
trates the moon's phases and the m o ti o ns of her nodes, the 
incltimtion of the Earth's axis, the catttes of eclipses, the 
^ ariety of seasons, and other phenomena. It consists of iftbout 
ei^ht wheels, pinions, and cncles. A small instrmnent of 
this description may he purchased for about £1, 8«., as stated 
on page C" 



ON THE VAUOUS OPINIONS WHICH WKRB ORIOINALLT FORMED 

OP Saturn's miNev 
The striking and singular phenomenon connected with the 
planet Saturn, though now ascertained beyond dispute to be 
« ting or rings surr^mding its body at a obtain distance, was 
a subject of great mystery, and gave rise to numerous conjec- 
tures and controversies for a considerable time after the inren- 
lioii of the telescope by which it was discovered. Though it 
was first discovered in the year 1610, it was nearly 60 years 
afterward before its true form and nature were determmed. 
Galileo was the first who discovered any thing uncommon 
connected with Saturn : through his telescope he thought. he 
•aw that planet appear like two smaller globes on each side 
of a larger one ; and after viewing the pkuaet in this form for 
two years, he was surprised to see it becoming quite round, 
without its adjoining globes, and some time afterward to ap- 
pear in the triple form. This appearance is represented in 
fig, 1 of the following engraving. In the year 1614, Scheiner, 
a German astronomer, puUished a representation c^ Sidunl, in 
which this planet is exhibited as a large central globe^ Wilh 
two smaller bodies, one on each side, partly of a conical form, 
attached to the i^anet, and forming a part of it, as shown &g, 
2. In the years 1640 and 164S, Ricciolus, an Italian mathe- 
matician and astronomer, imagined he saw Saturn as repre- 
sented in fig. 8, consisting of a central globe, and two conical- 
shaped bodies completely detached from it, and published an 
account of it corresponding to this view, Hevelins, the cele- 
brated astronomer of Dantzig, author of the Seknogrtmhia 
and other works, made many c^iservatioiis on this pbnet 
about the years 1643, 1649, aad 1660, in which he appeaxs 
to have obtained different views of the planet and its append- 
ages, gradually approximating to the trxOh, but still incorrect. 
These views are represented in figures 4, 6, 6> and 7. Fig. 
4 nearly resembles two hemispheres, one on each side of the 
globe of Saturn. The other figures very nearly resemble the 
extxemt pertt of the ring m Btetk thnmgk a good tekscopi 
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but he still seems to. have considered them as det&ched from 
each other as well as from Saturn. Figures 8 and 9 are 
views given by Ricciolus at a period posterior to that in which 
he supposed Saturn and his appendages in the form deline- 
ated in fig. 3. In these last delineations the planet was sup- 
posed to be enclosed in an eUiptical ring, but this ring was 
supposed to he fixed to its two opposite sides. 

Wigun 97. 
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Fig. 10 is a representation by Eustachius Divini, a cele- 
brated Italian optician at Bologna The shades represented 
on Si^arn and the eUiptical curve are incorrect, as this planet 
presents no such shadowy form. The general appearance 
here presented is not much unlike that which the ring of Sa- 
turn exhibits, excepting that at the upper side the ring should 
appear covering a porticm of the orb of Saturn ; but Divini 
seems to have conceived that the curve on each side was at- 
tached to the body d* Saturn ; for when Huygens published 
his discovery of the ring of Saturn in 1659, Divini contested 
. its truth, because he could not perceive the ring through his 
own telescopes ; and he wrote a treatise on the subject in 
opposition to Huygens in 1660, entitled " Brevis Annotatio 
in Systema Satumium." Huygens immediately replied to 
him, and Divini wrote a rejoinder in 1661.. Fig. 11 is the 
representation given by Francis Fontana, a Neapolitan astro- 

32* 
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nomer. This itgure represents Saturf, na hsrmff two ciei- 
rents, one on each side, attached to its body* wiSi intenrmk 
between the planet and the crescents* Fig. 12 is a riew de- 
lineated by Qassendos, a celebrated French philosopher* It 
renresents the planet ss a large eUipsoid, haying a large cir- 
cular opening near each end> and if this representation were 
the true (me^ each <^nintf would be at least 80,000 miles in 
diameter. Fig. 13, which is perhaps the most singular <^ 
the whole* is «ud to be one of the views of this planet giyen 
by Rlcci<^. It represents two globes^ each at which, in the 
proportion they here bear to [^am« must be more than 
80,000 miles in diameter* These ghb^ were eonceived as 
beintf attached to the bod^ ot Saturn by curres ot bands, each 
of whichf in the proportion represented, must hare been at 
least 7000 miles in breadth^ add near^ 40,000 miles long. 
This would hare exhibited the plajiet SMurn as a sdll more 
singular body than what we have found it to be ; but no such 
construction of a planet has yet been found in the taiiyerse, 
nor is it probable that such a fottu of a plai^taty bod^- exists. 
It is remarkable that only two general opmiolis shoald have 
been formed respecting the constructton or Sotunif as appears 
from these representations : either that this planet was onn- 
posed of three distinct parts, separate from each other, or that 
the a^penda^e on each side ^^BJixed to the bodir of the planet. 
The idea of a ring surrounding the body of the pknet at a 
certain distance from ertrj part of it seems ncrer to hive been 
thought of till the celebrated Muygens, in 1M$6, 1^, and 
1667« by numerous obsenrations made on this planet, com> 
pletely demonstrated that it is surrounded by a solid and per- 
manent ring, which never changes its sitmtiony attd, wi&out 
touching the body of the planet, accompanies it in its revola- 
tion around the sun. As the cause of all the erroneojis opi- 
nions above stated was owing to the imperfection of the tele- 
scopes which were then in use, and their deficiency in mag- 
nifying power, this infi^enious astronomer set himself to work 
in order to improve telescopes for celestial observations. He 
improved the art of binding and polishing object-glasses, 
which he finished with his own hands, and produced lenses 
(^ a more correct figure, and of a longer focal distance, than 
what had previously been accomplished. He first construct- 
ed a telescope 12 feet long, and afterward one 38 feet long, 
which magnified about 95 times; whereas Galileo's best 
telescope magnified only about 33 times. He afterward con- 
structed one 123 feet long, which magnified alwut aaOtiines. 
It was used without a tube, the object-glass being placed 
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apm the to]^ of a pole, and connected by a eord with the eye- 
piece. With sach telescopes this ingenious artist and mftthe 
matician discorered the fourth satellite of Saturn, and de- 
monstrated that the phenomenon which had been so egre 
giousiy misrepresented by preceding astronomers consistei^ 
ei dn immense ring surrounding the body, and completely 
detached from it^. His numerous observations and reasonings 
-on this subject were published in Latin in 1659, in a quarto 
volume of nearly 100 pages, entitled ^ Systema Saturntum^ 
Jtee de cauHi mirandorwn Satumi Pkmomendn^ et Comiie 
yu$ Planeia Nomh** from which work the figures and some 
of the facts stated above have been extracted. 

ON THE SUPPOSED DIVISIONS OF THE EXTERIOR RING OF 
SATURN. 

Frcnn the period in which Huygens lived till the time 
when Herschel applied his large teleseopes to the heavens, 
few discoveries were made in r^ktion to ^um. Cassini, in 
1671, discovered the fifth satellite of this planet ; in 167ti, the 
third; and the fiist imd second in March, 1684. In 1675, 
Cassini saw the broad side of its ring bisected quite round 
by a dark elliptical line, of which the inner part appeared 
bnghter than the outer. In 1722, Mr. Hadley, with his five- 
feet Newtonian reflector, observed the same phenomenon, and 
perceived that the dark Hne was stronger next the body, and 
fainter towards the upper edge of the ring. Within the ring 
he also discovered two belts across the disk of Saturn ; but it 
does not appear that they had an^ idea that this dark line 
was empty space separatixig the nng into two parts. This 
discovery was reserved for the late Sir W. Herschel, who 
made numerous observations on thb planet, and likewise 
ascertained that the ring performs a revolution round the 
planet in ten hours and thirty minutes. 

Of late years, some observers have supposed that the ex- 
terior ring of Saturn is divided into several parts, or, in other 
words, tlm^ it consists of two or more ccmcentric rings. The 
following are some of the observations on which this opinion 
is fouiMied. They are chiefly extracted from Captain Kater's 
paper on Ihis subject, which was read before the Astronomi- 
cal Society of London. 

The observations, we are told, were made in the years 
18{^ and 1826, and remained unpublished from a wish on 
the part of the observer to witness the appearances again. 
The planet Saturn has been much observed by Captain Kater 
fbr the f urpose of trying t^ light, d^c, for which the ring 



880 OPINIONS ON satubn's ring. 

aud satellites are good tests. The instruments whieh were 
employed in the present investigations were two Newtonian 
reflectors, one by Watson, of 40 inches focus and G^th aper- 
ture, snd another by Dollond, of 68 inches focus and Qlths 
aperture. The first, under favourable circumstances, gave a 
most excellent image ; the latter is a very good instrument. 
The following are extracts from the author's journal. 

Nov. 2&f 1825. The double ring beautifully defined, per- 
fectly distinct all around, and the principal belts well seen. 
I tried many concave glasses, and ioond that the image was 
much sharper than with convex eyeglasses, and the light ap- 
parently much greater. Dollond, 260, the best power, 480. 
a single lens very distinct. Nov. 30, the night very favoura- 
ble, but not equal to the 25th. The exterior ring of Saturn 
is not so bright as the interior, and the interior is less bright 
close to the edge next the planet. The inner edge appears 
more yellow than the rest of the ring, and nearer in colour to 
the body of the planet. Dec. 17. The evening extremely 
fine. With Dollond I perceived the outer ring of Saturn to 
be darker than the inner, and the divisicm of the ring all 
around with perfect distinctness ; but with Watson I fancied 
that I saw the outer ring teparated by rmmerous dark di- 
vision* extremely close, one stronger tmm the rest, dividing 
the ring abotU equally. This was seen with my most per- 
fect single eyeglass power. A careful examination of some 
hours confirmed thisopim'on. Jan. 16 and 17, 1826. Captain 
Kater believed that he saw the divisions with the Dollond, 
but was not positive. Concave eyeglasses found to be supe- 
rior to convex. /Igft. 26f, 1826. Tne division of the outer ring 
not seen with Dollond. On the 17 Dec, when the divisions 
were most distinctly seen. Captain Kater made a drawing of 
thB appeamnce of Saturn and his rings. The phenomena 
were witnessed by two other persons on the same evening, 
one of whom saw several divisions in the outer ring, while 
the other saw one middle division only ; but the latter person 
was short-sighted, and unaccustomed to telescopic observa- 
tions. It may be remarked, however, that these divisions 
were not seen on other evenings, which yet were c<msidered 
very favourable for distinct visiwi. ♦ 

It is said that the same appearanceis were seen by Mr. 
Short, but the original record of his observations cannot be 
found. In Lalande's Astronomy (dd edition, article. 3361) it 
is said, '< Cassini remarked that the breadth of the ring was 
divided into two equal parts by a dark, line having the 
same curvature as the ring, and the exterior portion was the 



less bright. Short told me that he observed still tnore sin- 
gfolar pheiKMnena with his large telescope of 12 feet. The 
l^adth of the ansae, 6r extremities of the ring, was, according 
to him, divided into two parts, an inner portion without any 
brei^ in the illnmination, and an outer divided by several 
lines concentric with the circumference, which would lead to 
a belief thai there are several rings in the same plane.V 
Delambre and Birt severally slate that Short saw the outer 
ring divided, probably on the authority of Laknde. In 
Brewster's FergusorCe Astronomy, vol. ii., p. 126, 2d edi- 
tion, there is the following note on this subject: <<Mr. Short 
assures us that with an excellent telescope he observed the 
JBurface of the rin^ divided by several dark concentric lines, 
which seem to indicate a number of rings proportional to the 
number of dark lines which he perceived." 

In December, 1813, at Paris, Professor Quetelet saw the 
outer ring divided with the achromatic telescope of ten inches 
aperture, which was exhibited at the exposition. He men- 
tioned this the following day to M. de la Hace, who observed 
that <* those, or even more divisions, were conformable to the 
'system of the world." On the other hand, the division of 
the outer ring was not seen by Sir W. Herschel in 1792, 
nor by Sir J. Herschel in 1828, nor by Struve in the same 
year ; and on several occasions when the atmospheric condi- 
tions were most favourable, it has not been seen by Captain 
Kater. It has been remarked by Sir W. Herschel, Stiruve, 
and others, that the exterior ring is much less brilliant than 
the interior; and it is asked. May not this want of light in 
the outer ring arise from its having a very dense atmosphere ? 
and may not this atmosphere ^n certain states admit of the 
divisions of the exterior ring being seen, though, under other 
circumstances, they remain invisible ? The above t)bser va- 
rious are said to have been confirmed by some recent obser- 
vations by Decuppis at Rome, who announced, some years 
ago, that Saturn's outer ring is divided into two or three con- 
centric rings. 

Some of the observations stated above, were they per- 
fectly-correct, would lead to the conclusion that Saturn is 
encompassed with a number of rings concentric with and 
parallel to each other. But while such phenomena as de- 
scribed above are so seldom seen, even by the most powerful 
telescopes and the most accurate observers, a certain degree 
of doubt must still hang over the subject ; and we must sus- 
pend our opinio*^ on this point till future observations shall 
either confirm e^ render doi'biful those to which we hav# 
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referred. Should the Earl of Rosse's great telescope, when 
finished for obeenration, be found to perform according to the 
expectations now entertained, and in proportion to its size 
and quantity of light, we shall expect that our doubts will be 
resolved in regard to the supposed divisions of the ring of 
Saturn. 






APPENDIX. 



BRIEF DESCRIPTION OF THE EARL OF ROSSE'S 
TELESCOPE. 

This telescope, the largest and most magnificent that ever 
was attempted, reflects the greatest honour on the genius, the 
inyentive powers, and the scientific acquhrementa of its noble 
contriyer, as well as on the eleyated station in which he is 
placed. With rank and fortune, and every circumstan<ie that 
usually unfit men for scientific pursuit, he has set a bright 
example to his compeers of the dignity a^d utility of philosQ* 
phicai studies and investigations, and of the aids they might 
render to the progress of science, were their wealth and pur- 
suits directed in a proper channeL 

Previously to his lordship's attempting the constructimi of 
his largest, or ** Monster Telescope," he had constructed one 
with a speculum of three feet in diameter, which was consi« 
dered one of the most accurate and powerful instruments that 
had ever been made, not excepting even Sir W. Herschers 
forty-feet reflector. In the account of this telescope published 
in the Philosophical Transactions for 1840, his lc»rdship 
speaks of the pos^bility of a speculum of six feet in diameter 
b^ing cast. At that time it was considered by some as little 
short of a chimera to attempt the construcdon of such a 
monstrous instrument ; but the idea no sooner occurred to 
this ingenious and persevering nobleman than he determined 
to put it to the test, and the result has been attended with 
complete success. The materials of which this speculum is 
composed are copper and tin, united very nearly in their 
atomic prop(»tions, namely, copper 126.4 pbrts, to tin 58.9 
parts. This compound has a specific gnivity of 8.8, and is 
found to preserve its lustre with more i^lendour, and to be 
more free from pores than any other. A foundry was ccm- 
structed expressly for the purpose of casting the speculum. 
Its chimney, built from the ground, was 18 feet nigh, and 
16i square at the base, tapering to four at the top. At each 
of its sides, communicating with it by a flue, was sunk a fur- 
nace eight feet ^eep and 61 sqUare, with a circular opening 
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four feet in diameter. About -eeren feet from the chimnej 
was erected a lar^ crane, with the necessary tackle for ele- 
rating and carrjring the crucibles from the furnace to the 
mould, which was placed in a line with the chimney and 
crane, and had three iioii baskets suppoiied on pirots hung 
round it ; and four feet fiurther on was the annealing oven. 
The crucibles which ee akuD e d Ike metal were each two feet 
in diuneter, 21 deep, and together weighed one ton and a 
tmlL They were of cast iroa, and Hiade w & the baskets at 
the side of the mould. Tkeee baricets were hun^ on wooden 
uprights, or pivots ; to <me of these, on each side, was at- 
tached a leirer, by de p rc asM g which it nti^t be timed #rer, 
and the contenls oi the cr ac w fa pomed into the mould* Til* 
bottom of the mooU was made 1^ bmding toff^her tigh^- 
bnrers of hocm koa, aad turning the required Maps on them 
ed'gewise. This mould cdbdi^led the heat away through 
the bottom, and cooled the metal tofwaids the top in infinit^ 
smaU layers, while the inlentices, though dote oiough t^ 
preTent the melal from eact^ping, were sufficienlty 0|>eB to 
aUow the ak to penetiate. This bottam was siK feet in dia- 
meter and 5i inches thick, and was made peifectly hofiioatal 
by means of spirit lerels, and was amounded by a wcod^n 
frasoe. A wooden pattern, the exact aiae of the speculum, 
being pboed on the irai, sand was weH packed between it 
awl the frame, and the pattern was lenared. Each of the 
cruoildes contaming the metted meUd was then jdaoed » its 
basket, and every thinff being ready for disc&jging their 
contests, they were at the same instant turned over, wai the 
mould beinr filled, the metal in a short time safely set into 
the requuredfigure. While it was red hot, and scarce^ sdid, 
the framewoik was removed, and an iron ring tXNmeeted with 
a bar which passed throu^ the oven beanff plaeed round i^ 
it was drawn in by means d* a capstan at the other side, en a 
railroad, when charcoal being lighted in the even, and titrf 
fires underneath it; all the openings were buih up, and it was 
lef^ for sixteen weeks to anneal It was oast on the 19th ot 
April, 1642, at 9 o'ckxik m the evemnff. The c«ucihk« 
were ten houn hestiag in the fumaoei before idie metal was 
introduced, which in about ten horns soon was sufficiently 
fluid to be poured. When the oren was openoi the speeu* 
lum was found as pofect as when it stored it. It was ibm 
removed to the gnirfing machine, where it imderweat that. 
process, and afterward was polished, without any aoeideat. 
having occurred. 
Th» specsdum weighed lArse ions* and lost about cue* 
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eighth of an inch in grinding. Lord Rosse has since cas^ 
another speculum of the same diameter four tons in weight 
He can now, witfcr perfect confidence, undertake any castmg, 
80 great an improvement has the form of mould which he has 
invented proved. The speculum was placed on an equili- 
brium bed, composed of nine pieces, resting on points at their 
centres of cpravity. The pieces were lined with pitch and 
felt before the speculum was placed on them. The speculum 
box is also hned with felt, and pitched : this prevents any 
sudden change of temperature aiecting the speculum by 
means of the bad conducting power of the substances em* 
ployed. A vessel of hme is kept in connection with the 
speculum box to absorb the mcHsture, which otherwise might 
injure the mirror. The process of grinding was conducted 
under water, and the moving power employed was a steam 
engine of three-horse power. The polisher is connected with 
the machinery by means of a large ring of iron, which loosely 
encircles it ; and instead of either the speculum or the polisher 
being stationary, both move with a regulated speed. The ring 
of the polisher, and therefore the pdisher itself, has a trans- 
verse and a longitudinal motion ; it makes 60 strokes in the 
minute, and! 24i strokes backward and forward for every 
revolution of the mirror, and at the same time Ij^th strokes 
in the transverse direction. The extent of the latter is A^hs 
of the diameter of the speculum. The substance made use 
of to wear down the surface was emery and water : a con- 
stant supply of these was kept between the grinder and the 
speculum. The grinder is made of cast iron, with grooves 
cut lengthwise, across, and circularly on its face. The po- 
lisher and speculum have a mutual action upon each other: 
in a few hours, by the help of the emery and water, they are 
both ground truly circular, whatever may have been their 
previous defects. The grinding is continued till the required 
form of surface is produced, and this is ascertained in the 
following manner : there is a high tower over the house in 
which tne speculum is ground, on tbe top of which is fixed a 

Sole, to which is attached the dial of a watch ; there are trap- 
oors which open, and, by means of a temporary eyepiece, 
allow the figure of the dial to be seen in the speculum brought 
to a slight polish. If the dots on the dial are not sufficiently 
well d^ed, the grinding is continued ; but if they appear 
satisfactorily, the polishing is commenced. It requires six 
weeks to grind it to a fair surface. The polisher was cut 
into grooves, to prevent the abraded matter from accumulating 
in some places more than in others ; a thin layer of .pitch was 
Vol. IX. 83 
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spread orer it ; h was smeared orer with rouge and water, 
and a supply of it kept up till the machinery brought it to a 
fine black polish. The length of time employed for poiish- 
ingthe three-feet speculum was six hours.* 

This larse telescope is now ccxnpleted, or nearly so. The 
tube is 66 leet long, mcluding the speculum box, and is made 
of deal one inch tmck, hooped with iron. On the inside, at 
intervals of eight feet, there are rings oi iron three inches in 
depth and one inch broad, for the purpose of strengthening 
the sides. The diameter of the tube is seven feet. It is 
fixed to mas<m-work in the ground by a large universal 
hinge, which allows it to turn in all directions. At 12 feet 
distance on each side a wall is built, 72 feet long, 48 high on 
the outer side, and 66 on the inner, the walls being 24 feet 
distant from each other, and lying exactly in the meridional 
line. When directed to the south, the tube ma^ be lowered 
till it becomes almost horizontal ; but when pointed to the 
north, it only &lls till it is parallel with the earth's axis, 
pointing then to the pole of the heavens. Its lateral move- 
ments take place only from wall to wall, and this commands 
« view for half an hour on each side of the meridian ; that is, 
the whcde of its motion from east to west is limited to 15 de- 
grees. At present it is fitted up in a temporary way to be 
used as a transit instrument ; but it is ultimately intended to 
connect with the tube-end galleries machinery which shall 
give an automaton movement, so that the telescope shall be 
used as an equatorial instrument. All the works comiected 
with this instrument are of the stronc^est and safest kind ; all 
the iron work was cast in his lordship's laboratory by men 
instructed by himself, and every part of the machinery was 
made under his own eye by the artisans in his own neigh- 
bourhood, and not a single accident worth mentioning hap- 
pened during the whole proceeding. 

The expense incurred by his lordship in the erection of 
this noble instrument was not less than twelve thousand 
pounds I besides the money expended in the construction of 
the telescope of three feet diameter. Sufficient time has nc^ 
yet been anbrded for making particular observations with thiis 
telescope ; but from slight trials which have been made, even 
under un&vourable circumstances, it promises important re- 

^ The above de8cri|)tion has been selected and abridged from a small 
volume entitled " The Monster Telescope, erected by the Earl of Rosse, 
Parsontown," and also from the "Illustrated Londcn News'* of Sep- 
tember 9th, 1843. In the volume alluded to a more panicular descrqi- 
tion will be foimd, accompanied with engravings. 
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suits. Its great superiority over every telescope previously 
constructed consists in the great quantity of light it reflects, 
and the brilliancy with which it exhibits objects, even when 
liigh powers are applied. It has a reflecting surface of 4071 
square inches, while that of Herschel's 40 feet telescope had 
only 1811 square inches on its polished surface, so that the 
quantity of fight reflected from the speculum is considerably 
more tnan double that of Herschel's largest reflector. This 
instrument has already exceeded his lordship's expectations. 
Many appearances before invisible in the Moon have been 
perceived, and Uiere is every reason to expect that new dis- 
coveries will be made by it in the Nebtdss, double and triple 
stars, and other celestial objects. The following is an extract 
of a communication from Sir James South on this subject, ad- 
dressed to the editor of the " 7\mes ;" " The leviathan tele- 
scope on which the Earl of Rosse has been toiling upward of 
two years, although not absolutely finished, was on Wedne^ 
day last directed to the sidereal heavens. The letter which 
I have this morning received from its noble maker, in his 
usual unassuming style, merely states that the metal, only 
just polished, was of a pretty good figure, and that with a 
power of 600 the nebula known as No. 2 of Messier's cata- 
loguer was even more magnificent than the nebula of No. 13 
of Messier, when seen with his lordship's telescope of three 
feet diameter and 27 feet focus. Cloudy weather prevented 
him from turning the leviathan on any other nebulous object. 
Thus, then, we have all danger of the metal breaking before 
it could be polished overcome. Little more, however, will be 
done with it for some time, as the earl is on the eve of quit- 
ting Ireland for England to resign his post at York as presi- 
dent of the British Association. I look forward with intense 
anxiety to witness its first severe trial, when all its various 
appointments shall be completed, in the confidence that those 
who may then be present will see with it what man has never 
seen before. The diameter of the large metal is six feet, and 
its focus 54 feet ; yet the immense mass is manageable by 
one man. Compared with it, the working telescopes of Sir 
William Herschel, which in his hands conferred on astro- 
nomy such inestimable service, and on himself astronomical 
immortality, were but playthings." 

The following is a more recent account of observations 
made by this telescope, chiefly extracted from Sir James 
South's description, inserted in the 7\me8 of April 16th, 
1845, and the " Uluatrated London News'' of April 19 : 

" The night of the 5th of March, 1845, was the finest I 
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ever saw in Ireland. Many nebuls were obseired by liord 
RoBse, Dr. Robinson, and mjrself. Most of them were, for 
the first time since their creation, seen by ns as groups or 
clusters of stars ; while some, at least to my eyes, showed no 
such resolution. Never, howerer, in my life did I see such 
clorious sidereal pictures as this instrument afSirded ns. 
Most of the nebula we saw I certainly hare obsenred with 
my own large achromatic ; but, although that instrument, as 
fiur as relates to magnifying power, is probably inferior to no 
one in existence, yet to compare these nebuls, as seen with it 
and the six*feet telescope, is like comparing, as seen with the 
naked eye, the dinginess of the planet Saturn to the brilliancy 
of Venus. The most popularly-known nebuls obserred this 
night were the ring nebula m the Cane$ Venaticif or the 
61st of Messier's catalogue, which was resolved into stars 
with a magnifying power of 548, and the 94th of Messier, 
which is in the same constellation, and which was resolved 
into a large criobular cluster of stars, not much unlike the 
well-known cluster in Hercules, called also the 13th of Mes- 
sier." Perfection of figure, however, of a telescope must be 
tested, not by nebulsB, but by its performance on a star of the 
first magnitude. If it will, under high power, show the star 
round and free from optical appendages, we may safely take 
it for fipranted it will not only show nebule well, but any other 
celestial object as it ought. To determine this point, the tele- 
scope was directed to BegtUus with the entire aperture, and 
a power of 800, and " I saw," says Sir James, " with inex- 
pressible delight, the star free fr(Hn wings, tails, or optical 
appenda^s; not, indeed, like a planetary disk, as in my 
larffe achromatic, but as a round ima^e resembling voltaic 
light between charcoal points ; and so little aberration had this 
brilliant image, that I could have measured its distance from, 
and position with any of the stars in the field with a spider's- 
line micrometer, ana a power of 1000, without the slighest 
difficulty ; for not only was the large star rouiid, but the tele- 
scope, although in tho open air, and the wind blowing rather 
firesh, was as steady as a rock." 

"On subsequent nights, observations of other nebul», 
amountin|r to some thirty or more, removed most of thanfiwm 
the list of nebulae, where they had long figured, to that of 
clusters ; while some of these latter, more especially the 5th 
of Messier, exhibited a sidereal picture in the telescope such 
as man before had never seen, and which for its magnificence 
baffles all description. , Several double stars were seen vnth 
Tarious apertures of the telescope, and with powers between 
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860 and 800 ; and as the e.xrl had before told us we should-— 
before the speculum was iiwerted in the tube, in consequence 
of his haying been obliged to quit the superintendence of the 
polishing at the most critical part of the process — ^we found 
that a ring about six inches broad, reckoning from the circum 
ference of the speculum, was not perfectly polished, and to 
that the little irradiation seen about Regulus was unques* 
tionably referrible. The only double stars of the first clas^ 
which the weather permitted us to examine with it were Xi 
Urss Majoris, and Gamma Yirginis, which I could have 
measured with the greatest confidence,* D' Arrest's comet 
we observed on the 12th of March, with a power of 400, but 
nothing worthy of notice was detected. Of the Moon, a few 
words must suffi<k Its appearance in my large achromatic 
of 12 inches aperture is known to hundreds of readers ; let 
them then imagine that with it they look at the moon, while 
with Lord Rosse's six-feet they look into ity and they will not 
form a yery erroneous opinion of the performance of the le- 
yiathan. On the 16th of March, when the moon was seyen 
days old, I never saw her unilluminated disk so beautifully, nor 
her mountains so temptingly measurable. On my first look- 
ing into the telescope, a star of about the seventh magnitude 
was some minutes of a degree from the moon's dark limb, and 
its occultation by the moon appeared inevitable. The star, 
however, instead of disappearing the moment the moon'? 
e^ge came in contact with it, apparently glided on the moon'9 
dark face, as if it had been seen through a transparent moob^ 
or as if the star were between me and the moon. It remained 
on the moon's disk nearly two seconds oi time, and then d. 
appeared. I have seen this apparent projection of a star on 
the moon's face several times, but from the great brilliancy of 
the star, this was the most beautiful I ever saw. The cause 
of this phenomenon is involved in impenetrable mystery." 

The following is a representation of the great Rosse tele- 
scope, along with part of the buildings with which it is con- 
nected. In the interior face of the eastern wall a very strong 
iron arc of about 43 feet radius is firmly fixed, provided witn 
adjustments, whereby its surface facing the telescope may bo 
set very accurately in the plane of the meridian. On this 
bar lines are drawn* the interval between any adjoining two 
of which corresponds to one minute of time on the equator^ 
The tube and speculum, including the bed on which the 
speculum rests, weigh about 16 tons. The telescope rests 
on a universal joint, placed on masonry about six feet below 
the ground, and is elevated or depressed by a chain and wind* 

33* 
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Ims; and ahhoagh it weight alKmt 16 tons, tke instnnnenl 
it raited by two men witk great fticility: of cooise, it is 
connterpoited in erery direction. The obterver, when at 
work, stands in one of four galleries, the three highest of 
which are drawn out frcnn the western wall, while the fourth 
or lowest has for its base an elevating platfonn, along the hoii- 
soBtal sur&ce of which a gallery shdes from wall to wall by 
a machinery within the oMervers reach, but which a child 
may work. When the telescope is about half an hour east 
of the meridian, the galleries, hanging over the gi^ between 
the walls, present to a spectator bdow an appearance some^ 
what dangerous ; yet the observer, with common prudence, 
it at safe as on the ground, and each of the galleries can be 
dntwn from the wall to the tele8cq>e's side so readily, that the 
obserrer needs no one else to more it for him. 




The above figure represents only the upper part of the tube 
df the telescope, at which the observer stands when making 
his observations. The telescope is at present of the Newto- 
nian construction, and, consequently, the observer looks into 
the side of the tube at the upper end of the telescope ; but 
it is proposed to throw aside the plane speculum, and to adapt 
it to the fnmt view, on the plan already described (see p. 221, 
S88, 4bc.,J so that the observer will sit or stand with his back 
towards the object, and his face looking down upon the specu- 
lum ; and in this position he will sometimes be elevated be- 
tween 60 and 60 feet above the ground. As yet, the tele- 



BABL OF BOSSH'B SELESCOPB. 



891 



aeope luis no equatorial motion, but it very shortly will ; and 
at no very distant day, clockwork wiH be connected with it, 
when the observer will, while observing, be almost as com- 
fortable as if he wer^ reading at a desk by his fireside. 

The following figure shows a section of the machinery 
connected with this telescope. It exhibits a view of the in- 
side of the eastern waU, with all the machinery as seen in 
section* A is the mason wof k on the ground ; B, the uni- 

Figure 00. 




versal joint, which allows the tube to turn in all directions , 
C, the speculum in its tube ; D, the box ; E, the eyepiece ; 
F, the movable pulley ; G, the fixed one ; H, the chain from 
the side of the tube ; I, the chain from the beam ; K, the 
counterpoise ; L, the lever ; M, the chain connecting it with 
the tube ; Z, the chain which passes from the tuTO to the 
windlass over a pulley on a truss-beam, which runs from W 
to the same situation on the opposite wall : the pulley is not 
seen ; X is a railroad, on which the speculum is drawn either 
to or from its box : part is cut away, to show the counterpoise. 
The dotted Hne a represents the course of the weight II as 
the tube rises or falls : it is a segment of a circle, of wh%;h 
the chain J is the radius. The tube is moved from wall to 
wall by the rachet and wheel at R ; the wheel is turned by 
the handle O, and the rachet is fixed to the circle on the wall. 
The ladders in front, as shown in the preceding sketch, ena- 
ble the observer to follow the tube in its ascent to where the 
gallenes on the side-wall commence. These side-galleries 
are three in number, and each can be moved from waU to wall 
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by the obserrer after the tube, the motiQii ei whkh. he abo 
accomplishes by means of the handle O. 

I shall conclude the description of this wonderful instra- 
ment in the words of Sir James South : 

** What will be the power of this telescope when it has its 
Le Mairean fc^m'' [tlmt ib^ when it is fitted up with the firpnt 
view,3 ** it is not easy to divine. What nebuls will it resolve 
into stars ? in what nebuls will it not find stars ? how many 
satellites of Saturn will it show us ? how many will it indicate 
as appertaining to Uranus ? how many nebulas never yet seen 
by mortal eye will it present to us ? what spots will it show 
us on the various planets ? will it tell us what causes the 
variable brightness of many of the fixed stars ? vnll it give 
us any informaticm as to the constitution of the planetary neb- 
ulflB ? will it exhibit to us any satellites encircling them ? will 
it tell us why the satellites of Jupiter, which generally pass 
ov^r Jupiter's hce as disks nearly of white U^t, scxnetimes 
traverse it as black patches ? will it add to our knowledge ci 
the ph3rsical construction of nebulous stars ? of that mysterious 
class of bodies which surround some stars, called, for virant of 
a better name, < photospheres V will it show the annular ne- 
bula of Lyra merely as a brilliant luminous ring, or will it 
exhibit it as thousands of stars arranged in all the symmetry 
of an eUipee ? will it enable us to ccxnprehend the hitheito 
inc(xnprenensible nature and origin of the light of the great 
nebuLe of Orion ? will it give us, in easily appreciable quan- 
tity, the parallax o[ some of the fixed stars, or vnll it make 
sensible to us the parallax of the nebul® themselves ? finally, 
havinfir presented to us original portraits of the moon and of 
the sidereal heavens, such as man has never dared even to 
anticipate, vnll it, by Daguerreotjrpe aid, administer to us 
copies founded upon truth, and enable astronomers of future 
ages to compare the moon and heavens as they then may be 
with the moon and heavens as they were ? Scmie of these 
questions will be answered afiirmatively, others negatively, 
and that, too, very shortly ; for the noble maker of the noblest 
?jistrument ever formed by man < has cast his bread upon the 
waters, and will, with Qod's blessing, find it before many 
days.' " 
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HINTS TO AMATEURS IN ASTRONOMY RESPEO 
TING THE CONSTRUCTION OP TELESCOPES. 

As there are many among the lower ranks of the commu- 
mty who have a desire to he possessed of a telescope which 
wm show them some of the prominent features of celestial 
scenery, hut who are unahle to purchase a finished ihstru* 
ment at the prices usually charged hy optician?, the follow- 
ing hints may perhaps he acceptable to those who are pos- 
sessed of a mechanic^ genius. 

The lenses of an achromatic telescope may be purchased 
separately from gkss-grinders or opticians, and tubes of a cheap 
material may be prepared by the individual himself for re- 
ceiving the glasses. The following are the prices at which 
achromatic object-glasses for astronomical telescopes -are gene- 
rally sold: Focal length 30 inches, diameter 2iih inehes, 
from 2 to Si guineas. Focal length 42 inches, diameter 2|th 
inches, from 6 to 8 guineas. Focal length 42 inches, diame- 
ter Sfth inches, from 12 to 20 guineas. Focal length 42 
inches, diameter 3|th inches, from 25 to 30 guineas. Eye- 
pieces, from lOs, 6d. to 18 shiUings. The smallest of these 
lenses, namely, that of d^th inches diameter, if truly achro- 
matic, may be made to bear a power of from 80 to 100 times 
in clear weather for celestial objects, which will show Jupi- 
ter's moons and belts, Saturn's ring, and other celestial phe- 
nomena. The tubes may be made either of tin plates, pa- 
pier machSy or wood. Wood, however, is rather a clumsy 
article, and it is sometimes liable to warp, yet excellent tubfw 
have sometimes been made of it. Perhaps the cheapest and 
most convenient of all tubes, when properly made, are those 
formed of paper. In forming these, a wooden roller of the 
proper diameter should be procured, and paper of a proper 
size, along with bookbinder's paste. About three or four 
layers only of the paper should be pasted at one time, and, 
when sufficiently dry, it should be smoothed by rubbing it 
with a smooth stick or ruler ; after which another series of 
layers should be pasted on, and allowed to dry as befcn^, and 
so on till the tube has acquired a sufficient degree of strength 
and firmness, la this way I have, by means of a feW M 
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newspapers and similar materials, formed tubes as strong as 
if they had been made of wood. If several tubes be intended 
to slide into each other, the smallest tube should be made first, 
and it wiU serve as a roller for forming the tube into which 
it is to slide. 

An achromatic object-glass of a shorter focal distance and 
a smaller diameter than any of those stated above, may be 
fitted up as a useful astronomical telescope when a better 
instrument cannot be procured. In the pawnbroker's shops 
in London and other places, an old achromatic telescope, with 
an object-glass 20 inches focal distance and about li inch 
diameter, may be purchased at a price varying from 16 to 
20 shillings. By applying an astronomical eyepiece to such 
a lens, if a good one, it may bear a power for celestial objects 
of 60 or 60 times. If two plano-convex glasses three-fourths 
of an inch focal distance be placed with their convex sides 
near to each other, they will form an eyepiece which will 
produce a power on such an object-glass (h above 60 times, 
which will show Jupiter's belts and satellites, Saturn's ring, 
the solar spots, and the mountains and cavities of the moon. 
I have an object-glass of this description which belonged to 
an old telescope, which cost me only 12 shillings, and with 
which I formerly made some useful astronconical Nervations. 
It was afterward used as the telescope of a small equatorial 
instrument, and with it I was enabled to perceive stars of the 
first and second magnitude, and the planets Venus, Jupiter, 
and Mars in the daytime. 

But, should such a c^iass be still beyond the reach of the 
astronomical amateur, let him not altogether despair. He may 
purchase a single lens of three feet K)cal distance for about a 
couple of shillings, and by applying an eyeglass of one inch 
focus, which may be procured for a shilling, he will obtain a 
power of 86 times, which is a higher power than Gkdileo was 
able to apply to his best telescope ; and consequently, with 
such an instrument, he will be enabled to perceive all the 
celestial objects which that celebrated astronomer first de- 
scribed, and which excited so much wonder at that period in 
the learned world ; but, whatever kind of telescope may be 
used, it is essentially requisite that it be placed on a firm stand 
in all celestial observations ; and any common mechanic can 
easily form such a stand at a trifling expense. 

There is a certain optical illusion to which most persons 
are subject in the first use of telescopes, especially when 
applied to the celestial bodies, on which it may not be impro- 
per to remark. The illusion to which I allude is this, that 
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they are apt to imagine the telescope does not magnify nearly 
80 much as it rea% does ; they are apt to complain of the 
small appearance which Jupiter and Saturn, for example, 
presents when magnified 160 or 200 times. . With such 
powers they are apt to imagine that these bodies do not ap- 
pear so large as the moon to the naked eye ; yet it can be 
proved that Jupiter, when nearest the earth, viewed with such 
a power, appears about five times the diameter of the full 
moon, and 25 times larger in surface. This appears from the 
following calculation : Jupiter, when in opposition, or nearest 
the Eaith, presents a diameter of 47'' ; the mean apparent 
diameter of the moon is about 31' : multiply the diameter of 
Jupiter by the magnif3ring power, 200, the product is 9400", 
or 156', or 2° 36', which, divided by 31', the moon's diameter, 
produces a quotient of 5, showing that this planet with such 
a power appears five times larger in diameter than the full 
moon to the naked eye, and consequently 25 times larger in 
surface. Were a power of only 50 times applied to Jupiter 
when nearest the earth, that planet would appear somewhat 
larger than the full moon ; for 47" multiplied by 50 gives 
2350", of 39', which is 8' more than the diameter of the 
moon ; yet with such a power most persons would imagine 
that the planet does not appear ooe-third of the size of the 
full moon. 

, The principal mode by which a person may be experi- 
mentally convinced of the fallacy to which I allude is the 
following : At a time when Jupiter happens to be within a 
few degrees of the moon, let the planet be viewed through 
the telescope with the one eye, and the magnified image of 
the planet be brought into contact with the moon as seen with 
the other eye, the one eye looking at the moon, and the other 
viewing the magnified image of Jupiter through the telescope 
when brought into apparent contact with the moon ; then it 
will be perceived that with a magnifjring power of 50 the 
image of Jupiter will completely cover the moon as seen by 
the naked eye ; and with a power of 200 — ^when the moon 
is made to appear in the centre of the magnified image of the 
planet — ^it will be seen that Jupiter forms a iarge and broad 
circle round the moon, appearing at least five times greater 
than the diameter of the moon. This experiment may be 
varied as follows : Suppose a person to view the moon through 
a small telescope or opera-glass magnifying three times, he 
will be. apt to imagine, at first sight, that she is not in the 
least magnified, but rather somewhat diminished ; but let him 
bring the image as seen in the telescope in contact with the 
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aa teen with th« naked eye, and he wiU {riaudy per- 
ceive the magnifymf power by the size of the image. It 
may be difficmt, in the fint inatancct to look at the same time 
at the magnified image and the leai object, but a lew trials 
wih render it easy. 
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